




















































































TOSHIBA 


4M DRAM 
1991 



1. This technical data may be controlled under U.S. Export Administration Regulations 
and may be subject to the approval of the U.S. Department of Commerce prior to 
export. Any export or re-export directly or Indirectly, in contravention of the U.S. 
Export Administration Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described In this databook are not authorized for use as critical 
components in life support systems without the written consent of the appropriate 
officer of Toshiba America, Inc. Life support systems are either systems Intended for 
surgical implant in the body or systems which sustain life. 

A critical component is any component of a life support system whose failure to 
perform may cause a malfunction or failure of the life support system, or may affect its 
safety or effectiveness. 

3. The information in this databook has been carefully checked and is believed to be 
reliable, however, no responsibility can be assumed for inaccuracies that may not have 
been caught. All information in this databook is subject to change without prior notice. 
Furthermore, Toshiba cannot assume responsibility for the use of any license under 
the patent rights of Toshiba or any third parties. 

4. No part of this manual may be transferred or reproduced without prior permission of 
Toshiba Corporation. 


© 1989 TOSHIBA CORPORATION 
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PART NUMBER 

COMPONENTS 

TC514100J/Z-80/10. 

TC514100JUZL-80/10. 

TC5141OOAP/AJ/ASJ/AZ-60. 

TC514100APL/AJL/ASJL/AZL-60. 

TC5141OOAP/AJ/ASJ/AZ-70/80/10. 
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TC514101AP/AJ/ASJ/AZ-70/80/10. 

TC514102J/Z-80/10. 

TC514102AP/AJ/ASJ/AZ-60. 

TC514102AP/AJ/ASJ/AZ-70/80/10. 

TC514400J/Z-80/10. 

TC514400JL/ZL-80/10. 

TC514400AP/AJ/ASJ/AZ-60. 

TC514400APL/AJL/ASJL/AZL-60. 

TC514400AP/AJ/ASJ/AZ-70/80/10. 

TC514400APL/AJL/ASJL/AZL-70/80/10 

TC514402J/Z-80/10. 

TC514402AP/AJ/ASJ/AZ-60.. 

TC514402AP/AJ/ASJ/AZ-70/80/10. 

TC514410J/Z-80/10. 

TC51441OAP/AJ/ASJ/AZ-60. 

TC514410 AP/AJ/ASJ/AZ-70/80/10. 


DESCRIPTION 

4Mx1, FAST PAGE MODE. 

4Mx1, FAST PAGE MODE, LOW PWR 

4Mx1, FAST PAGE MODE. 

4Mx1, FAST PAGE MODE, LOW PWR 

4Mx1, FAST PAGE MODE. 

4Mx1, FAST PAGE MODE, LOW PWR 

4Mx1, NIBBLE MODE. 

4Mx1, NIBBLE MODE. 

4Mx1, NIBBLE MODE. 

4Mx1, STATIC COLUMN MODE. 

4Mx1, STATIC COLUMN MODE. 

4Mx1, STATIC COLUMN MODE. 

1 Mx4, FAST PAGE MODE. 

1Mx4, FAST PAGE MODE, LOW PWR 

1 Mx4, FAST PAGE MODE. 

1 Mx4, FAST PAGE MODE, LOW PWR 

1 Mx4, FAST PAGE MODE. 

1 Mx4, FAST PAGE MODE, LOW PWR 

1 Mx4, STATIC COLUMN MODE. 

1 Mx4, STATIC COLUMN MODE. 

1 Mx4, STATIC COLUMN MODE. 

1Mx4, WRITE PER BIT. 

1 Mx4, WRITE PER BIT. 

1 Mx4, WRITE PER BIT... 
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DESCRIPTION 

4Mx8, 30-PIN SIMM/SIP. 

1 Mx32, 72-PIN SIMM, SINGLE SIDED.. 
1Mx32, 72-PIN SIMM, DOUBLE SIDED, 

4Mx9, 30-PIN SIMM/SIP. 

1 Mx36, 72-PIN SIMM. 
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1. CMOS 4M DYNAMIC RAM 




ORGANIZATION 


CAS 

POWER DISSIPATION 






PACKAGE WIDTH 

CAPACITY 

PART NUMBER 

OPERATING 

ACCESS TIME 

ACCESS TIME 

max (mW) 

PIN 

PACKAGE 

(P, J, SJ, FT) 



MODE 

MAX (NS) 

MAX (NS) 

ACTIVE 

STANDBY 

COUNT 

P J SJ Z 

OR HEIGHT (Z) (Inch) 


TC514100J/Z^ 


80 

20 

550 

5.5 








TC514100J/Z-10 


100 

25 

468 








TC514100JL/ZL-80 

4MX1. 

FAST 

80 

20 

550 

2.2 








TC51410aJL/ZL-10 

100 

25 

468 








TC51410aAP/AJ/ASJ/AZ-€0 

PAGE 

MODE 

60 



5.5 


■ 


■ 




TC5l4100APL/AJL/ASJL/AZL-«) 




1.1 


■ 


■ 




TC514100AP/AJ/ASJ/AZ-70 


70 

20 

550 

5.5 


■ 


■ 




TC514100APL/AJL/ASJLyAZL-70 


1.1 


■ 


■ 




TC514100AP/AJ/ASJ/AZ-e0 




468 

5.5 

18(P) 

■ 


■ 


0.300 (P) 

4M 

TC514100APLyAJL/ASJL/AZL-80 


80 


1.1 


■ 


■ 




TC514100AP/AJ/ASJ/AZ-10 


100 

25 


5.5 

26i/20(J) 

■ 


■ 


0.350 (J) 


TC514100APLyAJiyASJUAZL-10 



1.1 


■ 


■ 




TC514101J/Z-W 


80 

20 

578 


26/20 (SJ) 





0.300 (SJ) 


TC514101J/Z-10 

4MX1. 

NIBBLE 

MODE 

100 

25 

495 









TC514101AP/AJ/ASJ/AZ-60 

60 


660 


20 (Z) 

■ 


■ 


0.400 (Z) 


TC514101AP/AJ/ASJ/AZ-70 


70 

20 

550 



■ 


■ 




TC514101AP/AJ/ASJ/AZ-80 


80 


468 



■ 


■ 




TC514101AP/AJ/ASJ/AZ-10 


100 

25 

413 

5.5 


■ 


■ 




TC514102J/Z-60 


80 

20 

550 








TC514102J/Z-10 


100 

25 

468 









TC514102AP/AJ/ASJ/AZ-«) 

4MX1, 

STATIC 

60 


660 



■ 


■ 




TC514102AP/AJ/ASJ/AZ-70 

COLUMN 

MODE 

70 

20 

550 



■ 


■ 




TC514102AP/AJ/ASJ/AZ-80 

80 

468 



■ 


■ 




TC514102AP/AJ/ASJ/AZ-10 


100 

25 

413 



■ 


■ 
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ORGANIZATION 

HAS 


POWER DISSIPATION 



PACKAGE WIDTH 

CAPACITY 

PARTNUIASei 

OPERATING 

ACCESS TIME 

ACCESS TIME 

max (mW) 

PIN 

PACKAGE 

(P,4.S4,FT) 



MODE 

MAX (NS) 

MAX (NS) 

ACTIVE 

STANDBY 

COUNT 

P 4 S4 Z 

OR1^GHT(Z)(inch) 


7C514400J/Z-80 


80 

20 

578 

5.5 


H » 



TC51440aJ/Z<10 


100 

25 

495 


■ B 



TC5144OOJt/ZL-0O 

1MX4. 

FAST 

80 

20 

578 

2.2 


m m 



TC514400JUZL-10 

100 

25 

495 


m m 



TC14400AP/AJ/ASJ/AZ-60 

PAGE 

MODE 




5.5 


» K » M 



TC514400APl/AJL/ASJUAZL-eO 



20 


1.1 


H B B H 



TC514400AP/AJ/ASJ/AZ-70 


70 

550 

5.5 


B B B B 



TC514400APL/AJUASJL/AZL-70 



1.1 


B B B B 



TC514400AP/AJ1/ASJ/AZ-80 


80 



5.5 

20 (P) 

B. B B B 

0.300 (P) 

4M 

TC514400APl^AJL/ASJUAZL-80 


20 

468 

1.1 


B B B B 



TC514400AP/AyASJ/AZ-10 


100 

25 

413 

5.5 

26/20(4) 

B B B B 

0.350 (4) 


TC514MXJAPI/AJ7ASJUAZL-10 


1.1 


B B B B 



TC514402J/Z-80 


80 

20 

578 


26/20 (SJ) 

B B 

0.300 (SJ) 


TC514I02J/Z-10 

4MX1. 

STATIC 

COLUMN 

1 100 

25 

495 



m m 



TC514l02AP/Aa/ASI/AZ-€0 

60 


660 


20® 

B B fl B 

0.400® 


TC514<IC^AP/AJ/ASJ/AZ-70 

MODE 

70 

20 

550 



B B B B 



TC5i44C^/Aa/ASa/AZ-80 


80 


4^ 



B B B B 



TC514402AP/AJ/ASJ/A2-1O 


100 

25 

413 

5.5 


B B B B 



TC514410J/Z-80 


80 

20 

578 


m m 



Trai4410J/2-10 

4MX1, 

WRITE 

100 

25 

495 



m m 



TC514410AP/Aa/ASJ/AZ-60 

60 


660 



B B B B 



TC514410AP/AJ/ASJ/A2-7O 

PER BIT 
MODE 

70 

20 

550 



fl H B B 



TC514410AP/AJ/ASJ/A2-80 

80 


468 



B B B B 



TCX14410AP//U/ASJ/AZ-10 


100 

25 

413 



B B B B 



P = PLASTIC DIP, J = PLASTIC SOI, 84 = PLASTIC SKINNY SOI, 2 = PLASTIC ZIP 
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MODULES 


CAPACITY 

PART NUMBER 

ORGANIZATION 

RAS 

ACCESS TIME 
MAX (ns) 

CAS 

ACCESS TIME 
MAX (ns) 

POWER DISSIPATION 
MAX(mW) 

PIN 

COUNT 

PACKAGE 
S SG L 

MODULE 

HEIGHT 

(in) 

ACTIVE 

STANDBY 

32M BIT 

THM84000S/L-80 

THM84000SA.-10 

4Mx8 

80 

20 

4400 

44 

30 

■ ■ 

■ ■ 

■ ■ 

■ ■ 

■ ■ 

■ ■ 

0.95 (S) 
1.035 (L) 

100 

25 

3740 

THM321000S/SG-80 

THM321000S/SG-10 

THM321020S/SG-80 

THM321020S/SG-10 

1Mx32 

80 


4620 

44 

72 

1.0 

100 


3960 

80 

20 

4620 

100 

25 

3960 


THM94000S/L-80 


80 

20 

4950 



■ ■ 

0.95 (S) 

36MBIT 

THM94000S/L-10 


100 

25 

4212 



■ ■ 

1.035 (L) 











THM361020S/SG-80 


80 

20 

6160 


70 

■ ■ 

i n 


THM361020S/SG-10 

1 IViXoO 

100 

25 

5280 


f dl 

■ ■ 

1 .u 

RiT 

THM401020SG-80 


80 

20 

5775 


70 



4Ulvl Dl 1 

THM401020SG-10 

1 MX4U 

100 

25 

4950 

DD 


■ 


64MBiT 

THM322020S/SG-80 

2Mx32 

80 

20 

4708 

88 

72 

■ ■ 

1.0 


THM322020S/SG-10 


100 

25 

4048 



■ ■ 


72MBIT 

THM362020S/SG-80 

2Mx36 

80 

20 

6292 

132 

72 

■ ■ 

1.169 


THM362020S/SG-10 


100 

25 

5412 



■ ■ 



THM402020SG-80 


80 

20 

5885 



■ 


SOM BIT 

THM402020SG-10 

2Mx40 

100 

25 

5060 

110 

72 

■ 

1.0 


NOTE: 

S = SOLDER (TIN/LEAD) PLATED CONTACTS. SOCKET TYPE MODULE 
SG = GOLD PLATED CONTACTS, SOCKET TYPE MODULE 
L = SOLDER PLATED LEADS, THROUGH-HOLE TYPE MODULE 
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TOSHIBA 1ST GENERATION 4M DYNAMIC RAM 


CMOS 


80ns 100ns 



‘.Fast Page Mode 

:Fast Page Mode/ 

Low Power Version 

.’Nibble Mode 


iStatic Column Mode 


:Fast Page Mode 

:Fast Page Mode/ 
Low Power Version 

rStatic Column Mode 

.‘Fast Page Mode/ 
Write Per Bit 








TOSHIBA 2ND GENERATION 4M DYNAMIC RAM 


CMOS 


4MBit 


H 4Mx1 


60ns 


TC514100AP/AJ 

/ASJ/AZ-60 


TC51410QAPUAJL 

/ASJUAZL-60 


70ns 


80ns 


100ns 

TC514100AP/AJ 

/ASJ/AZ-70 

h 

TC514100AP/AJ 

/ASJ/AZ-80 


TC51410QAP/AJ 

/ASJ/AZ-10 






TC514100APt/AJL 

/ASJUAZL-70 

H 

TC51410QAPUAJL 

/ASJL/AZL-80 

H 

TCSMIOOAPUAJL 

/ASJUAZL-10 


TC514101AP/AJ 


TC514101AP/AJ 


TC514101AP/AJ 


TC514101AP/AJ 

/ASJ/AZ-60 


/ASJ/AZ-70 


/ASJ/AZ-80 


/ASJ/AZ-10 


TC514102AP/AJ 

/ASJ/AZ-60 


' TC514102AP/AJ 


TC514102AP/AJ 


TC514102AP/AJ 

/ASJ/AZ-70 


/ASJ/AZ-80 


/ASJ/AZ-10 


:Fast Page Mode 

:Fast Page Mode/ 
Low Power Version 

:Nibble Mode 

rStatic Cc^m Mode 



:Fast Page Mode 


:Fast Page Mode/ 
Low Power Version 

:Sta6c Column Mode 


. Fast Page Mode/ 
Write Per Bft 








TOSHIBA 1ST GENERATION 4M DRAM MODULES 


80ns 100ns 

































4MX1 


FUNCTION 


FAST PAGE 


TOSHIBA 

TC5141OOAP/AJ/ASJ/AZ 

HITACHI 

HM514100AJ/AS/AZ 

NEC 

MPD424100 

MITSUBISHI 

M5M44100J/L 

OKI 

MSM514100RS/JS/ZS 

FUJITSU 

MB814100 

PANASONIC 

MN41C4000SJ/L 

SAMSUNG 

KM41C4000 

1 s 


Tl 

TMS44100 


MDM14000 

MOTOROLA 

MCM514100 

SIEMENS 

HYB514100 

VITELIC 

V53C400 


RAM 


NIBBLE 

STATIC COLUMN 

TC514101AP/AJ/ASJ/AZ 

TC514102AP/AJ/ASJ/AZ 

HM514100AJ/AS/AZ 

HM514102AJ/AS/AZ 

MPD424101 

.MPD424102 

M5M44101J/L 

M5M44102J/Z 

MSM514101RS/JS/ZS 

MSM514102RS/JS/ZS 




MN41C4000SJ/L 

KM41C4001 

KM41C4002 












I 

















2. 1M X 4 DYNAMIC RAM 


FUNCTION 

FAST PAGE 

STATIC COLUMN 

FAST PAGE 

WRITE PER BIT 

TOSHIBA 

TC514400AP/AJ/ASJ/AZ 

TC514402AP/AJ/ASJ/AZ 

TC514410AP/AJ/ASJ/A2 

HITACHI 

HM514400AJ/AS/AZ 

HM514402AJ/AS/AZ 

HM514410AJ/AS/AZ 

NEC 

MPD424400 

MPD424402 

MPD424410 

MITSUBISHI 

M5M44400J/L 

M5M44402J/L 

M5M44410J/L 

OKI 

MSM514400RS/JS/ZS 

MSM514402RS/JS/ZS 


FUJITSU 

MB814400 



PANASONIC 

MN41C41000SJ/L 


MN41C41002SJ/L 

SAMSUNG 

KM44C1000 



MICRON 

MT4C4001 



Tl 

TMS44400 



MOSAIC 

MDM41000 



MOTOROLA 




SIEMENS 

HYB514400 



VITELIC 

V53C404 
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3. DRAM MODULE 


ORGANIZATION 

4Mx8 

1Mx32 

4Mxg 

1Mx36 

1MX40 

2Mx32 

2Mx36 

2Mx40 

TOSHIBA 

THM84000 

THiyi321000 



THM401020 



THM402020 

HITACHI 

HB56A48 

HB56D132 

HB56A49 

HB56D136 


HB56D232 

HB560236 


MITSUBISHI 

MH4M08 


MH4M09 

MH1M36 





OKI 

MSC2341 


MSC2340 

MSC2350 










































4M DRAM PART NUMBER GUIDE 


PREFIX 

'TC51 ' |41 00, 


A, ,S JmL 


l 60 j 


SPEED: - 60 = 60 ns 

- 70 = 70 ns 

- 80 = 80 ns 
-10= 100ns 


POWER: L = LOW POWER 
= STANDARD 

PACKAGE: P = 300 MIL DIP 
J = 350 MIL SOJ 
SJ = 300 MIL SOJ 
Z = 400 MIL ZIP 

DIE REVISION 


CONFIGURATION 

4100 = 4Mx1, FAST PAGE MODE 

4101 = 4Mx1, NIBBLE MODE 

4102 = 4Mx1. STATIC COLUMN MODE 
4400 = 1Mx4, FAST PAGE MODE 
4402 = 1Mx4, STATIC COLUMN MODE 
4410 = 1Mx4. WRIT^ PER BIT MODE 
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4M DRAM MODULES PART NUMBER GUIDE 


THM niUHE 0 0 0 [s] 
I-II-1 t t t t 



EXAMPLE 


60: 60 ns 

ACCESS TIME: TOj.ZO.nS. 

80: 80 ns 
10:100 ns 

-PIN TYPE: S : SOCKET TYPE fTIN-LEAD TAB> 
SG: SOCKET TYPE (GOLD TAB) 
L : SIP TYPE 

Z : ZIP TYPE 


^ INSTALLING DEVICE TYPE: A : A-VERSION DEVICE (INSTALUNG SOOmil SOJ) 

AW : A-VERSION DEVICE (INSTALUNG 350mil SOJ) 

-FUNCTION: O : STANDARD \ 

0 : FAST PAGE 

1 : NIBBLE 

2 : STATIC COLUMN 

3 : WRITE PER BIT 

- ASSEMBLY METHOD: ODD (INCLUDE "0^: SINGLE SIDE 

ASSEMBLY 

EVEN : DOUBLE SIDE 

ASSEMBLY 


INCASE 
OF DRAM 


WORD: 40:4M WORD 
20:2M WORD 
10:1M WORD 
51 : 512K WORD 
25 : 256KWORD 


BIT: 40:40 BIT 

36:36 BIT 
32:32 BIT 
9 : 9B1T 


8 : 8 BIT 
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300 MIL WIDTH DIP OUTLINE DRAWING 















350 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING 



Note; Package width and length do not include mold protrustion, allowable mold protrusion is 0.15mm. 
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300 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING 
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.8TYP 









400 MIL HEIGHT ZIP OUTLINE DRAWING 



Unit in mm 

3.05MAX 



1 2 20 


Note: Package width and length do not include mold protrusion, allowable mold protrusion is 0.15mm. 
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* This is advanced information and specifications 
4,194,304 WORD X 1 BIT DYNAMIC RAM are subject to change without notice, 

DESCRIPTION 

The TC514100J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100J/Z utilizes TOSHIBA*s CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514100J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20, pin plastic ZIP. The package size pror 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of 5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 4,194,304 word, by 1 bit organization 

• Fast access time and cycle time 

rTC514100J/Z-80/-10 

^RACIraS Access 
I-. , Column Add: 

Access Tim^ 

^CAC Access 
tRc Cycle Time 150ns 180ns 

|cyc1e"T!me^°"^ I ^Ons | 6^^ 

• Single power supply of 5V±10% with a 

built-in Vgg generator 

PIN CONNECTION (TOP VIEIO 

Plastic SOJ . pi'astic ZIP 


Plastic SOJ 
V 

2 25]D 

RAS r 3 24 ] C. 


Low Power 

55 O 111 W Operating (TC51410GJ/Z-80) 

460mW Operating (TC514100J/Z-10) 

5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using ’’EARLY WRITE" 
operation 

Read- Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast 
Page Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514100J 
Plastic ZIP: TC514100Z 


26 3 Vss 
25 3 DOU T 
24 ] CAS 
23 3 N.C. 
22] A9 




..L' 

‘"j 

[?: 

[£■ 

[?: 

..2 

ro' 



m 

L4Q 

13] 

iS 

Uz 

[13 

[16 



Xg 

lIS 


BLOCK DIAGRAT-I 

WRITEO- 1 


N0.2 CLOCK 
GENERATOR 


PIN NAT-IES 


COLUMN 

ADDRESS 

BUEPERS(U) 


AO''-AlO 

Address Inputs 

RAS 

Row Address Strobe 

Din 

Data In 

dqut 

Data Out 

Els' 

Column Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATE 


Ground 

No Connection 



No.l CLOCK 
GENERATOR 


SUBSTRATE BIAS 
GENERATOR 





































ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


ViN 


RATING 


- 1^*7 



RECOMMENDED DC OPERATING CONDITIONS 



SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

VIH 

Input High Voltage 

ViL 

Input Low Voltage 


(Ta=0^70®C) 


MIN. 


.5 



- MAX. 

1 UNIT 1 

NOTE 

5.5 

jjQIIII 

2 

6.5 

V 

2 

0.8 1 

V 

2 



DC ELECTRICAL CHARACTERISTICS (Vcc-5V±10%, Ta-0%70**C) 


SYMBOL 

PARAMETER 



UNITS 

NOTES 

^CCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling; *^RC»^RC MIN.) 

TC514100J/Z-80 

- 

100 

mA 

3,4,5 

TC514100J/Z-10 

- 

85 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CA^«Vih) 

■ 

2 

mA 

■ 

^CC3 

RAS ONLY REFRESH CURRENT _ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS^Vih: tRC^^RC MIN.) 

TC514100J/Z~80 

- 

100 

mA 

3.5 

TC514100J/Z-10 

- 

85 

^CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vil, CAS", Address Cycling: tpc®tpc MIN.) 

TC514100J/Z-80 

- 

60 

mA 

3.4,5 

TC514100J/2~10 

- 

50 

^CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CaS*Vcc-0.2V) 

■ 

B 

mA 

■ 

ICC6 


TC514100J/Z-80 

- 

100 

mA 

3 

TC514100J/Z-10 

- 

m 

^KL) 

INPUT LEAKAGE CURRENT . ‘ ’ 

Input Leakage Current, any input (OV i Vxn « 6.5V, All Other 
Pins Not Under Test»0V) 

-10 

10 

pA 

■ 

loa) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OVg VqutS 5.5V) 

-10 

10 

PA 

B 

VOH 

OUTPUT LEVEL 

Output "H” Level Voltage (IoUT"-5mA) 

m 

- 

n 

B 

VoL 

OUTPUT LEVEL 

Output "L” Level Voltage (IouT*^«2niA) 

- 

0.4 

B 
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TC514100J/Z-^0 

TC514100J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc=5V±10%, Ta=0'^-70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514X00J/Z-80 

TC514100J/Z-10 

UNIT 

NOTES 

MIN. 

MAX. 


MAX. 

tRC 

Random Read or Write Cycle Time 


- 

180 

- 

ns 


tRMW 

Read-Modify~Write Cycle Time 

Em 

- 

210 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 


- 

ns 


tPR>IW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

75 

- 

90 

- 

ns 

■ 

tRAC 

Access Time from RAS 

- 

80 

- 

100 


9.14,15 

tCAC 

Access Time from CAS 

- 

20 


25 

ns 

BBS 

^AA 

Access Time from Column Address 

- 

40 

B 

50 

ns 



Access Time from CAS Precharge 

- 

45 

- 

55 

ns 

9 

•^CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

10 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

^Hi 

RAS Precharge Time 

60 

- 

70 

- 

ns 



RAS Pulse Width 

SI 

10,000 



ns 


BBS! 


mm 

200,000 

[^91 

200,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

mm 

- 

ns 


•^CSH 

CAS Hold Time 

[99 

- 

100 

- 

ns 


tRHCP 

. 

CAS Precharge to RAS*'Hold Time 

mm 

- 

55 

- 

ns 


•^CAS 

CAS Pulse Width 

[99 

10,000 

25 

10,000 

ns 


^RCD 

RAS to CAS Delay Time 

939 

60 

25 

75 

ns 

14 

tRAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

15 

’^CRP 

CAS to RAS Precharge Time 

5 

- 

mm 

- 

ns 


tCP 

CAS Precharge Time 

10 

- 

mm 

- 

ns 


^ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


^RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


tASC 

Column Address Set-Up Time 

0 

- 

0 

- 

1 ns 




15 

- 


- 

ns 


tAR 

Column Address Hold Time referenced 
to RAS 

m 

- 

75 

- 

ns 

■ 

tRAL 

Column Address to RAS Lead Time 

IIQQII 

- 

50 

- 

ns 


0^91 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 



Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 
to RAS 


IBII 


- 

ns 

11 

^WCH 

Write Command Hold Time 

15 

- 


- 

ns 
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TC514100J/Z-^0 

TC514100J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

• 



UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tWCR 

Write Command Hold Time referenced to 
RAS 

60 

- 

B 

- 

ns 

■ 

tWP 

Write Command Pulse Width 

15 

- 

bbi 

- 

ns 

mm 


Write Command to RAS Lead Time 

20 

- 

• 25 

- 

ns 


tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


>^DS 

6ata Set-Up Time 

0 

- 

0 

- 

ns 

12 

tDH 

Data Hold Time 

15 

- 

mgm 

- 

ns 


^DHR 

Data Hold Time referenced to RAS 

60 

- 

WBM 

- 

ns 


'^REF 

Refresh Period 


16 

• - 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

i3 

'=CHD 

"CAS to WRITE Delay Time 

20 

- 

' 25 

- 

ns 

13 

^RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

lai 

^AWD 

Column Address to WRITE Delay Time 

40 

- 

50 

~ 

ns 

BB 


CAS Precharge to WRITE Delay Time 
(Fast Page Mode) 

45 

[H 

55 

B 

ns 

13 


CAS Set-Up Time (CAS before RA^ Cycle) 

5 

- 

5 

- 

ns 


BSSM 

CAS Hold Time (CAS before RAS Cycle) 

15 

- 


, - 

ns 


•^RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

m 

50 

- 

ns 


^vrrs 

Write Command Set-Up Time(Test Mode In) 

10 

- 

10 

- 

ns 


tWTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 



write to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

B 

10 

B 

ns 



WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 


- 

ns 

■ 
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TC514100J/Z-80 

TC514100J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Vcc=5V±10%, Ta=0~70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514100J/Z 

-80 

TC514100J/Z 

-10 

_ ... . 

UNIT 

NOTES 

MIN. 

M/iX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 


185 


ns 


“ 

tpc 

Fast Page Mode Cycle Time 

55 


65 


ns 


^RAC 

Access Time from RAS 

- 

85 


105 

ns 

9,14,15 

^CAC 

Access Time from CAS 

- 

25 


30 

ns 

9,14 

^AA 

Access Time from Column Address 


45 


55 

ns 

9,15 

^CPA 

Access Time from CAS Precharge 

- 

50 


60 

ns 

9 

^KAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


^EASP 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


^RSH 

RAS Hold Time 

25 


30 

- 

ns 


^CSH 

Hold Time 

85 


105 


ns 


^RHCP 

CAB Precharge to RAS Hold Time 

50 


60 


ns 


^CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 


55 

- 

ns 



CAPACITANCE (Vcc=5V±10Z, Ta=0-70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0~A10, Ujjj) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 


7 

pF 

Co 

Output Capacitance (Dqu-j-) 

- 

7 

pF 
















TC514100J/Z-80 

TC514100J/Z-10 


•NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings*’ may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss* 

3. IcCl* ^CC3> ICC4> ^CC6 depend on cycle rate. 

^CC1» ^CC4 depend on output loading. Specified values ai^e obtained with the 
output open. 

5. Column address can be changed once or less while RAS^Vjl and CAS^Vijj. 

6. An initial pause of 200ys is required after power-up followed by 8 RAS* only 
refresh cycles before proper device operation is achieved. In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-p“5ns. 

8. Vj|^(min.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF(®^*) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

11. Either Irch ^RRH ^^st be satisfied for a read cycle. 

12. Th ese par ameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write.cycles. 

^WCS» ^RWD» ^AWD ^CPWD restrictive operating parameters. They 

are included in the data sheet at electrical characteristics only. If t^s«^WCS 
(min.), the cycle is an early write cycle and data out pin will remain open cir¬ 
cuit (high impedance) through the entire cycle; If tRyp ^ tp^i^ (min,), 

^AWD«^Al^JD (min.) and tcp^^ ^ tcpwD (min.) (Fast Page Mode), 
the cycle is a read-modify-write cycle and the data out will contain data read 
from the selected cell; If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

14. Operation within the t(max.) limit insures that tj^^Cmax.) can be met, 

specified as a reference point only; If tj^Qj^ is greater than the 
specified tRCD(max.) limit, then access time is controlled by tcAC* 

15. Operation within the t|^j)(max.) limit insures that tj^c(°*^x*) can be met, 
^RAd(^^^*^ specified as a reference point only; If tj^p is greater than the 
specified t^j)(max.) limit, then access time is controlled by t^A* 
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TC514100J/Z-60 

TC514100J/Z-10 


TIMING WAVEFORMS 
READ CYCLE 













TC514100J/Z-B0 

TC514100J/Z-10 
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TC514100J/Z-80 

TC514100J/Z-10 


FAST PAGE MODE READ CYCLE 
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TC514100J/Z-80 

TC514100jyZ-10 
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TC514100J/Z-80 

TC514100J/Z-10 




























TC514100J/Z-^0 

TC514100J/Z-10 












TC514100jyZ-80 

TC514100J/Z-10 


CAS BEFORE RAS REFRESH CYCLE 



NOTE: A0'''A10="H" or "L" s "h" or "L" 
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TC514100J/Z-80 

TC514100jyZ-10 


HIDDEN REFRESH CYCLE (READ) 






Te514100jyz~80 

TC514100J/Z-10 
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TC514100J/Z-80 

TC514100J/Z-10 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 





















TC514100J/Z-80 

TC514100J/Z-10 


CAS BEFORE RAS REFRESH CYCLE 













TC514100J/Z-80 

TC514100J/Z-10 


READ CYCLE IN THE TEST MODE 
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TC514100J/Z-80 

TC514100J/Z-10 


WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 


tHC 
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TC514100J/Z-80 

TC514100J/Z-10 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TC514100jyZ-80 

TC514100J/Z-10 


TEST MODE 

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In ”Test Mode”, data are written into 8 secotrs 
in parallel and retrieved the same way. A^qr? ^OC used. If, upon 

reading, all bits are equal (all "l”s or ”0”s), the data output pin indicates a "1”. 
If any of the bits differed, the data output pin would indicate a ”0''* Fig, 1 showo 
the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it werqL a 512K DRAM. 

"WRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". 

And "CAS Before RAS Refresh Cycel" or "RAS Only Refresh Cycle" puts it back into 
"Normal Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs 
the refresh operation with the internal refresh address counter. The "Test Mode" 
function reduces test times (1/8 in case of N test pattern),- 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 
DESCRIPTION 


* This is advanced information and specifications 
are subject to change without notice. 


The TC514100JL/ZL is the new generation dynamic RAM organized 4,194,304 words by 1 bit. 
The TC514100JL/ZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514100JL/ZL to be packaged in a 
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely availably automated testing and inser¬ 
tion equipment. System oriented features include single power supply of 5V 10% tolerance 
direct interfacing capability with high performance logic families such as Schottky TTL, 


FEATURES 


• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 



TC514100JL/ZL-80/-10i 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address 
Access Time 

40ns 

50ns 

"^CAC 

CAS Access Time 

20ns 

25ns 

Bgrai 

Cycle Time 

150ns 

180ns 

tpc 

Fast Page Mode 
Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% with a 
built-in Vbb generator 


PIN CONNECTION (TOP VIEW) 


•/Low Power 

550mW Operating (TC514100JL/ZL-80) 

468mW Operating (TC514100JL/ZL-10) 

2.2mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY 

WRITE" operation 

• Read -Modify-Write, before US refresh, 

RAS-only refresh. Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package Plastic SOJ: TC514100JL 

Plastic ZIP: TC514100ZL 


Plastic SOJ Plastic ZIP 


caS 

Vss 

WRITE 

AlO 

N.C. 

A1 

A3 

A4 

A6 

A8 


PIN NAMES 


AO'V AlO 

Address Inputs 

RAS 

Row Address Strobe 

Din 

Data In 

DouT 

Data Out 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

NC 

No Connection 



A2E 11 
A3c 12 
VCC C 13 


BLOCK DIAGRAM 


WRITE O- 


CASO- 




No. 2 CLOCK 
GENERATOR 


AOC 
AlC 
A2C 
A3 o 
A4C 
A50—j 
A6C 
A7C 
A8C 
A9C 
AlOO—I 


COLUMN 
ADDRESS 
BUFFERS(ll) 


REFRESH 

CONTROLLER 

I 


fli 




B 












REFRESH 
COUNTER(10)| 

zS: 


RCW 

ADDRESS 
BUFFERS (11)1 


RAS ' 


X 


=1=^ 


10 


No. 1 CLOCK 
GENERATOR 


cc 

u 

Q 

Itf Q 




1024 


DATA IN 
BUFFER 



—<PoUT 

DATA OUT 
BUFFER 


COLUMN 

DECODER 



L.. 4096 -J 


MEMORY 

ARRAY 


SUBSTRATE BIAS 
GENERATOR 


Vcc 

Vss 









































TG514100JL/ZL-80 

TC514100JL/ZL-10 



ABSOLUTE MAXIMUM RATINGS 


ITH-1 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 


ViN 


VOUT 


Vcc 


OPR 


TSTG 


^SOLDER 


I’D 


Iqut 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (Vcc-5V±10%, Ta-0-v70°C) 


SYIBOL1 

PARAMETER | 



Units 


Ml 

Operating Current 

Average Power Supply Operating Current 
(RAS, Cl'S', Address Cycling: tRC^^RC MIN.) 

TC514100JL/ZL-80 

- 

100 

mA 

3,4.5 



85 

ICC2 

Standby Current 

Power Supply Standby Current 

(RAS«CAS«Vxh) 

■1 

2 

mA 

■ 

^CC3 

PxAS Only Refresh Current _ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS»Vih: tRC"tRC MIN.) 

TC514100J1/ZL-80 

- 

100 

mA 

3.5 

TC514100JL/ZL-10 

- 

85 

ICCA 

Fast Page Mode Current 

Average Power Supply Current, Fast Page Mode 
(RAS«Vxl, CAS, Address Cycling: tpc»tpc MIN.) 

TC514100JL/ZL-80 

- 

60 

mA 

3.4,5 

TC514100JL/ZL-10 

- 

50 

ICC5 

Standby Current 

Power Supply Standby Current 
(ras=ca:s«vcc-o.2V) 

■ 

400 

VA 

■ 

ICC6 

CAS Before RAS Refresh Current_ 

Average Power Supply Current, CAS Before 

Ms"Mode (RAS, £aS Cycling: tRc“tRc MIN.) 

TC514100JL/ZL-80 

- 

100 

mA 

3 

TC514100JL/ZL-10 

- 

85 

ICC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
((^^■"CAS Before BSS Cycling or 0.2V, WRTTE=Vcc-0.2V 

AO-v, 10»Vcc-0.2V or 0.2V, Diu«V(;c-0.2V, 0.2V or OPEN: 
tRC’llSvs, tRAS'tRAS MIN.-v-Ivs) 

1 

500 

pA 

3,6 


Input Leakage Current 

Input Leakage Current, any input (OV^ Vjj^^ 6.5V, All Other 
Pins Not Under Test»0V) 

-10 

10 

pA 

■ 

loa) 

Output Leakage Current 

(DouT is disabled, OV5 VquT=5.5V) 

-10 

10 

yA 


VqH 

Output Level 

Output *'H’' Level Voltage (loUT®"’^^) 

m 

- 

B 

B; 

Vql 

Output Level 

Output "L" Level Voltage (lQux®A.2mA) 

■ 

0.4 

B 

B' 
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TC514100JL/ZH0 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc«5V±10%, Ta=0'v70°C) (Notes 7, 8, 9) 


TC514100JL/ZL-80 TC514100JL/ZL-10 


UNIT NOTES 


SYMBOL 

PARA-METER 

•^RC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tPRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

tRAC 

Access Time from RAS 

tCAC 

Access Time from CAS 

’^AA 

Access Time from Column Address 

'^CPA 

Access Time from CAS Precharge 

tCLZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

^T 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

*:ras 

RAS Pulse Width 

•^RASP 

RAS Pulse Width (Fast Page Mode) 

*^RSH 

RAS Hold Time 

’^CSH 

CAS Hold Time 

tRHCP 

CAS Precharge to RAS Hold Time 

tCAS 

CAS Pulse Width 

*^RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 


CAS to RAS Precharge Time 

rt 

n 

CAS Precharge Time 

^ASR 

Row Address Set-Up Time 

'^RAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 
to RAS 

tRAL 

Column Address to RAS Lead Time 

’^RCS 

Read Command Set-Up Time 

msM 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 
to RAS 

^WCH 

Write Command Hold Time 



















































































































































































TC514100JL/ZL-80 

TC514100JUZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514100JL/ 

ZL-80 

TC514100JL/ 

ZL-10 

UNITS 

NOTES 

MIN, 

MAX. 

MIN. 

MAX. 

tWCR 

Write Command Hold Time referenced to 
RAS 

60 

■ 

75 

. 

- 

ns 

■ 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

'25 

- 

ns 


tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


tDS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

13 


Data Hold Time 

15 

- 

20 

“ 

ns 

13 

tDHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

128 

- 

128 

ms 


•^wcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

14 


CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 

14 

tRWB 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

14 

'=AWD 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

14 

•^CPWD 

CAS Precharge to WRITE Delay Time 
(Fast Page Mode) 

45 

■ 

55 

■ 

ns 

14 

'^CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

■ 5 

- 

ns 


*^CHR 

CAS Hold Time (CAS before RAS Cycle) 

15 

- 

20 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 

■1 

tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

■ 

50 

- 

ns 

• 

■ 

Rwts 

Write Command Set-Up Time(Test Mode In) 

10 

- 

10 

- 

ns 


tWTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


*^WRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

■ 

10 

■ 

ns 

■ 

tWRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 


10 

■ 

ns 

■ 
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TC514100JUZL-80 

TC514100JUZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN TEST MODE 

(Vcc“5V+10Z, Ta-0-70''C) (Notes 7, 8, 9) 


SYMBOL 

PARAMETER 

. 

TC514100JL/ 

ZL-80 

TC514100JL/ 

ZL-10 

UNIT 

NOTES 

MIN. 

MAX. ? 


MAX. 

ft 

o 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 

- 

65 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

mn 

U&iil 

*^CAC 



25 

- 

30 

ns 

10,15 


Access Time from Column Address 

- 

45 

- 

55 

ns 

10,16 


Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

10 


RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


•^EASP 

RAS Pulse Width (Fast Page Mode) 

85 


105 

200,000 

ns 


•=RSH 

RAS Hold Time 

25 

- 

30 

. - 

ns 


tCSH 

^ Hold Time 

85 

- 

105 1 

- 

ns 


*^RHCP 

CAS Precharge to RAS Hold Time 

50 

- 

60 

- 

ns 


‘^CAS 

^ Pulse Width 

25 

10,000 

30 

10,000 

ns 


^RAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (Vcc=5V±iq.X, f=lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AO'-AIO, Din) 

- 

5 

pF . 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

^0 

Output Capacitance (Dq^.^) 

- 

7 

pF 
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TC514100JL/ZL-^0 

TC514100JIJZL-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause per¬ 
manent damage to the device. 

2. All voltages are referenced to Vss* 

^CC1» ^CC3* ^CCA» ^CC6» ^CC7 <iepend on cycle rate. 

4. IcCl> ^CC4 depend on output loading. Specified values are obtained with the output 
open. 

5. Column address can be changed once or less while RAS®*Vxl CAS»Vxh* 

6-. )“lus is only applied to refresh of battery-back up. is 

applied to functional operating. 

7. An initial pause of 200ys is required after power-up followed by 8 RAS only refresh 
cycles before proper device oper atio n is a chiev ed. In case of using intern al • 
refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RAS 
only refresh cycles are required. 

8. AC measurements assume tx*5ns. 

9. VxijCmin,) and VxxC^ax.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vxh and Vxl* 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF(®ax.) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels.* 

12. Either tRc^ or tRRjj must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modify-write.cycles. 

14. twcs» tRWD* ^AWD ^CPWD are not restrictive operating parameters. They 

are included in the data sheet as electrical characteristics only. If tycs^twcs 
(min.), the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD« ), tcwD^ tcwoC^ln.) 

tAWD * ^AWdC^IJ^* ) and tcPWD ^ ^CPWoC^la.) (Fast Page Mode), the cycle is a read-modify- 
write cycle and data out will contain data read from the selected cell: . If neither 
of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

15- Operation within the tRCD(max.) limit insures that tj^Q(max.) can be met. 

specified as a reference point only: If tj^Qu is greater than the 
specified tRCD(®ax.) limit, then access time is controlled by t^AC* 

16- Operation within the tp^(max.) limit insures that t^Q(max.) can be met. 
tRAD(max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAoCinax.) limit, then access time is controlled by tAA* 
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TC514100JL/ZL-80 

TC514100JL/ZL-10 


TIMING WAVEFORMS 
READ CYCLE 


*RC 




TC514100JLyZL-80 

TC514100JUZL-10 


WRITE CYCLE (EARLY WRITE) 


*RC 


















TC514100JL/ZL-80 

TC514100JUZL-10 
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TC514100JL/ZL-80 

TC514100JL/ZL-10 


FAST PAGE MODE READ CYCLE 
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TC514100JL7ZL-80 

TC514100JLyZL-10 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TC514100JL/ZL-80 

TC514100JUZL-10 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 










TC514100JL/ZL-80 

TC514100JL/ZL-10 













TC514100JUZL-a0 

TC514100JL/ZL-10 


CAS BEFORE RAS REFRESH CYCLE 












TC514100JL/ZL-80 

TC514100JL/ZL-10 



















TC514100JL/ZL-80 

TC514100JL/ZL-10 
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CAS BEFORE RAS REFRESH COUHTER TEST CYCLE 



READ-MODIFY-WRITE CYaE 


































TC514100JL/ZL-80 

TC514100JL/ZL-10 


WRITE, BEFORE R55 REFRESH CYCLE 



NOTE: Dj},, AO-vAlO: "H" or YUk • "H" or "L" 
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TC514100JLyZL-80 

TC514100JL/ZL-10 













TC514100JUZL-80 

TC514100JUZL-10 
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H'* or "L' 




























TC514100JUZL-80 

TC514100JUZL-10 
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TC514100JL/ZL-80 

TC514100JL/ZL-10 


TEST MODE 

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In ’’Test Mode”, data are written into 8 sectors in 
parallel and retrieved the same way. AlOR, AlOC and AOC are not used. If, upon read¬ 
ing, all bits are equal (all ”l"s or ”0”s), the data output pin indicates a ”1”. 

If any of the bits differed, the data output pin would indicate a ”0". Fig. 1 shows 
the block diagram of TC514100J/Z. In "Test Mode”, the 4M DRAM can be tested as if it 
were a 512K DRAM. 

’*WRITE, CAS Before RAS Refresh Cycle” puts the device into "Test Mode”. And "CAS 
Before RAS Refresh Cycle” or "RAS Only Refresh Cycle” puts it back into "Normal Mode”. 
In the Test Mode, 'VRiTfi, 6 aS Before RAS Refresh Cycle” performs the refresh operation 
with the internal refresh address counter. The "Test Mode” function reduces test times 
(1/8 in case of N test pattern). 


A-47 





TC514100JUZL-^0 

TC514100JUZL-10 


BLOCK DIAGRAM IN THE TEST MODE 



Fig, 1 
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4,194,304 WORD X 1 BIT DYNAMIC RAM * This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC514100AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Mu^ltiplexed address inputs permit the TC514'*00AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 


♦ 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC51410OAP/AJ/ASJ/AZ - 60 

tpAC RAS Access Time 

60ns 

Laa Column Address 
Access Time 

30ns 

tcAC Access Time 

20ns 

Irc Cycle Time 

110ns 

tpc Fast Page Mode 

Cycle Time 

45ns 


• Single power supply of 5V±10% 
with a built-in Vhb generator 

PIN NAMES 


40~A10 

Address Inputs 

WRITE 

ReadAA/rite Input 

RAS 

Row Address Strobe 

Vcc 

Power (+ 5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C. 

No Connection 

rM 

Column Address Strobe 




Low Power 

660mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ - 60) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using “EARLY 
WRITE” operation 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 
All inputs and outputs ITL compatible 
1024 refresh cycles/16ms 
Package TC514100AP : DIP18-P-300E 

TC514100AJ : SOJ26-P-350 

TC514100ASJ : SOJ26-P-300A 
TC514100AZ : ZIP20-P-400A 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


OiNt 

WRfYft 

A10C 

A0[ 

A1[ 

A2[ 

A3t 

Vccq 


lap' 

1 

161 

1 


7] Dour WIiTI : 

tica? ml . 


IS], 
14 ]A 
13]A 
123a 


lUAS 


N.C_ 

AlOD: 

AOD! 

Air 

A3g 

vccd 


26 IVe. A9 
23 Jn C. 

22 3a! 


lA9 

>8 
17 ]a7 
16 ]a6 
15 3a5 
14 ]a4 


0|N 

N.C. 
AO I 
A2 
Vcc 
AS 


Vs$ 

wRrff 

A10 

N.C. 

A1 

A3 


WRITF 
C5? o- 


AO <>► 
A1 O-*- 
A2 O*- 
A3 O*- 
A4 0»- 
A5 O*- 
A6 O*- 
A7 CH- 
A8 O-^ 
A9 O*- 
A10 




N0.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS(11) 


I 


ROW 
ADDRESS 

-J-V l BUFFERS (11) 

, , , I _ 


N0.1 CLOCK 
GENERATOR 


REFRESH 

CONTROLLER 

z z :i z: : : 


REFRESH 
COUNTER (10) 


a 




DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


ko Din 


SENSE AMP. ' 
I/O GATING 


-O Dout 





$ o 

! ' 

MEMORY 

D o 

oc u 

1024 

ARRAY 

O 

_i_>. 





SUBSTRATE BIAS 
GENERATOR 


I Vcc 
' Vss 
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TC5141OOAP/AJ/ASJ/AZ-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1-7 

V 


Output Voltage 

VOUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

•c 

1 

Storage Temperature 

T$TG 

-55-150 

•c 

1 

Soldering Temperature-Time 

Tsoloer 

260-10 

•C-sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

buT 

50 * 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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TC5141OOAP/AJ/ASJ/AZ-60 


DC ELECTRICAL CHARACTERISTICS {Vcc = 5V±10%, Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(^, CAS, Address Cycling: tRc = tRc MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3, 4 

5 

Icc 2 

STANDBY CURRENT 

Power Supply Standby Current 

V|h) 

- 

2 

mA 


•CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, ^=V,h: tRc^tpc MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3, 5 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, CAS, Address Cycling: tpc = tpc MIN. ) 

TC514100AP/AJ/ 

ASj/AZ-60 

- 

60 

mA 

3,4 

5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
^ = Vcc - 0.2V) 

- 

1 

mA 


ICC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode(RA?, CAS Cycling: tRc = tRc MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3,5 

'l(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(OV^ ViN^ 6.5V, All Other Pins Not Under Test^OV) 

- 10 

10 

pA 


*0(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVS Vqut- 5.5V) 

- 10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4-2mA) 

- 

0.4 

V 
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TC5141OOAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = 0'-70°c){Notes 6, 1, 8) 


C V K j1 D 1 

DADA^/^CTC:D 

TC5141OOAP/AJ/ASJ/AZ-60 

1 1 MIT 

MOTCC 

b YIVloUL 

rAKAM 11 cK 

MIN. 

MAX. 

UNI 1 

NO 1 Cb 




Random Read or Write Cycle Time 
Read-Modify-Write Cycle Time 
Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 
CAS to Output in Low-Z 
Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 

RA5 Precharge Time 

RM Pulse Width __ 

RA3 Pulse Width (Fast Page Mode) 

RAS Hold Time 

RAS Hold Time From CAS Precharge (Fast Page*Mode) 

CAS Hold Time 

CAS Pulse Width 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CAS to RM Precharge Time 

CAS Precharge Time 

Row Address Set-Up Time 

Row Address Hold Time 



fASC 

Column Address Set-Up Time 

0 

- 

ns 


k'AM 

Column Address Hold Time 

15 

- 

ns 


Lul 

Column Address to RAS Lead Time 

30 


ns 


k<rs 

Read Command Set-Up Time 

0 


ns 


tRCH 

Read Command Hold Time 

0 

- 

ns 

11 

luiKi 

Read Command Hold Time referenced to RAS 

0 


ns 

11 

lw( II 

Write Command Hold Time 

10 

- 

ns 
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TC5141OOAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 




MIN. 


twp 

Write Command Pulse Width 

10 

- 

9 



Write Command to RAi Lead Time 

20 

- 

9 



Write Command to CAi Lead Time 

20 

- 

m 



Data Set-Up Time 

0 

- 

m 

12 

^OH 

Data Hold Time 

15 

- 

ns 

12 

^REF 

Refresh Period 

- 

16 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

Bi 

^CWD 

CAi to WRITE Delay Time 

20 

- 


91 

^RWD 

RA5 to write Delay Time 

60 

- 


H 

^AWD, 

Column Address to WRITE Delay Time 

30 

- 


^m 

1 

kPWD 

CAS Precharge to WRITE Delay Time 

40 

- 



kSR 

CaS Set-Up Time 

before Cycle) 

5 

- 


■ 


Hold Time 

(CAS before RAS Cycle) 


- 


■ 


^A5 to iCAS Precharge Time 


- 


B 

kPT 

CAS Precharge Time (CAS before ftAS Counter Test 

Cycle) 




■ 

twTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 


■ 

twTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 



twRP 

WRITE to RAS Precharge Time 
(CaS before RAS Cycle) 

10 

- 



Wrh 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 
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TC5141OOAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (Vcc = 5V + 10%, Ta = 0~70°C) (Notes 6,7, 8) 


SYMBOL 

PARAMETER 

TC5141OOAP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

iRC 

Random Read or Write Cycle Time 

115 

- 

11 


tpc 

Fast Page Mode Cycle Time 

50 

- 

m 


tRAC 

Access Time from RA5 

- 

65 

ns 

9,14 

15 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,14 

Ua 

Access Time from Column Address 

- 

35 

ns 

9,15 

kPA 

Access Time from Precharge 

- 

45 

ns 

9 

^RAS 

Pulse Width 

65 

10,000 

ns 


tRAfjP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


VlHCP 

"RAS Hold Time From CAS Precharge (Fast Page Mode) 

45 

- 

ns 


kSH 

CAS Hold Time 

65 

- 

ns 


tCAS 

CAS Pulse Width 

25 

10,000 

ns 


^RAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vcc = 5V + 10%, f = IMHz, Ta = 0~70°C) 


symbol 

PARAMETER 

MIN. 



C,1 

Input Capacitance (A0~A10, Din) 

HBgl 


PF 

Ci2 

Input Capacitance (RAS, CAiS, WftlTE) 

BBB 


Co 

Output Capacitance (Dout) 

■■■■ 
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TC5141OOAP/AJ/ASJ/AZ-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci» ICC3» IcC4. IcC6 depend on cycle rate. 

4. Icci> ICC4 depend on output loading. Specified values are obtained with the output open. 

6. Column address can be changed once or less While RAS = Vil and CAS = Vn-i. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 6ns. 

8. ViH (min.) and Vil (max.) are reference ^evels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vjl- 

9. Measured with a load equivalent to 2 ITL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRcii or Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcSi tRWD» tCWl), tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS™ IWCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD^ tRWl) (min.), tcWD= tcWD (min.), tAWD^ tAWD (min.) and tcPWD^ tCPWD (min.) (Fast Page 
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the 
selected cell; If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tpCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If Ircd is greater than the specified ti{ci)(max.) 
. limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If Irad is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TC5141OOAP/AJ/ASJ/AZ-60 


TIMING WAVEFORMS 









TC5141OOAP/AJ/ASJ/AZ-60 
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TC5141OOAP/AJ/ASJ/AZ-60 


FAST PAGE MODE READ CYCLE 
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TC5141OOAP/AJ/ASJ/AZ-60 


HIDDEN REFRESH CYCLE (READ) 


I 





TC5141OOAP/AJ/ASJ/AZ-60 







TC5141OOAP/AJ/ASJ/AZ-60 


CM BEFORE RA5 REFRESH COUNTER TEST CYCLE 



WRITE CYCLE 



: "H" or "L" 
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TC5141OOAP/AJ/AS J/AZ-60 


TEST MODE 

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aiqr, Aiqc and Aqc are not used. If, upon reading, all bits equal (all “l”s or 
“0”s), the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate 
a “0”. Fig.l shows the block diagram of TC514100AP/AJ/ASJ/AZ. In “Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “HAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/8 in case of N test pattern). 
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NOTES 




4,194,304 WORD X 1 BIT DYNAMIC RAM * This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC514100APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by 
1 bit. The TC514100APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514100APL/AJL/ASJL/AZL to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky ITL. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC514100APL/AJL/ASJUAZL-60 

tRAC Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

tcAC CA? Access Time 

20ns 

tRc Cycle Time 

110ns 

tpc Fast Page Mode 

Cycle Time 

45ns 


• Single power supply of 5V ± 10% 
with a built-in Vpe generator 

PIN NAMES 


kvO-AIO 


ra5 


D|N 


Dour 




Address Inputs 


Row Address Strobe 


Data In 


Data Out 


Column Address Strobe 


WRITE 


Vcc 


Vss 


N.C. 


Read/Write Input 


Power (+ SV) 


Ground 


No Connection 


• Low Power 

660mW MAX. Operating 

(TC514100 APL/AJL/ASJL/AZL - 60) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Read-Modify-Write, CAS before RAS refresh, 
RAS only refresh, Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs ITL compatible 

• 1024 refresh cycles/128ms 

• Package TC514100APL : DIP18-P-300E 

TC514100AJL : SOJ26-P-350 
TC514100ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 


DinC t 
WIHTfta 
mi: 

A10[- 

A0[ 

A1 

A2d 

A3q 

Vcc 


18 3' 
1731 


16 

15 

143. 


1 


113. 
10 3. 


tvss 


am 

;pA9 

A8 

A7 

pA6 

iAS 


!A4 


mil 

1 

2 

3 

26 

25 

24 

cX!/’ 

N.ci 

4 

23 

N.C 

A10[ 

5 

22 

3A9 

AOC 

9 

18 

]A8 

AlC 

10 

17 

3a7 

A2C 

11 

16 

0A6 

A3C 

12 

15 

3A5 

Vccq 

13 

14 

3A4 


wrut 

m 




N0.2 CLOCK 
GENERATOR 


A9 

l”j 


m 

AO O— 

Dour 

>1] 

[2"' 

At O— 

Din 



V$s 

A2 O— 

5.J 

LJ 

[e" 

WRitE 

A3 0- 

N.C. 

^ J 


AlO 

A4 O— 


[ip‘ 

N.C. 

A5 O— 

AO 

jj] 

[iY 

A1 

A6 0“ 

A2 


Da 

A3 

A7 O- 

Vcc 


Da 

A4 

A8 O- 

AS 

jjj 

Da 

A6 

A9 O— 

A7 


5a 

A8 

AlO O— 


COLUMN 

ADDRESS 

BUFFERS(ll) 


REFRESH 

CONTROLLER 


3 


REFRESH 
COUNTER (9) 


i; 


ROW 
ADDRESS 
BUFFERS 


ts(ii) r' 


N0.1 CLOCK 
GENERATOR 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


^*►0 Dour 
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DECODER 


SENSE AMP. 
I/O GATING 


cc 

18 

1 

MEMORY 

1024 

ARRAY 

ce u 

1 

O 






SUBSTRATE BIAS 
GENERATOR 


) Vcc 

i-^ Vjs 
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TC5141OOAPL/AJL/ASJL/AZL-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- 1-7 

V 


Output Voltage 

VouT 

- 1-7 

V 

mSm 

Power Supply Voltage 

Vcc 

-1-7 

V 


Operating Temperature 

Topr 

0-70 

•c 

SBi 

Storage TemJjerature 

Tstg 

-55-150 

*C 

iBi 

Soldering Temperature-Time 


260-10 

•C • sec 

mm 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

B9' 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 


VtL 

Input Low Voltage 

-1.0 


0.8 

V 
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TC5141OOAPL/AJL/ASJL/AZL-60 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70“c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA5, Address Cycling: tRc-tRc MIN. ) 

TC5141OOAPL/A JL/AS7L/AZL-60 

- 

120 

mA 

3,4 

5 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(rM=CaT=v,h) 

- 

2 

mA 


•CC3 

RA? ONLY REFRESH CURRENT 

Average Power Supply Current, RA5 Only Mode 
(RA$ Cycling, CA$ = V|h: tRc = tRc MIN. ) 

TC51410OAPL/AJL/ASJL/AZL-60 

- 

120 

mA 

3,5 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA?=: V|L, tAS, Address Cycling: tpc = tpc MIN. ) 

TC514.: jAPL/AJL/A$JL/AZL-60 

- 

60 

mA 

3,4 

5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = CAS = Vcc-0.2 V) 

- 

200 

pA 


ICC6 

06 BEFORE RA? REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 
Mode (Ms. CA? Cycling: tRc = tRc MIN. ) 

TC514100APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3.5 

kC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 
(M5 = CAS Before RA5 Cycling or 0.2V. WRITE = Vcc- 0.2V 

A0~ 10 = Vcc - 0.2V or 0.2V, D,n = Vcc - 0.2V, 0.2V or OPEN: * 

tRc = 12 5ps, tRAs = 300ns ~ 1 ps) 

- 

1 

400 

pA 

3,6 

icC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 

(05 = CAS Before M? Cycling or 0.2V, WRITE = Vcc - 0.2V i 

A0~ 10 = Vcc-0.2V or 0.2V, D|iv = Vcc-0.2V, 0.2V or OPEN: 

tpc = 125ps, tRAS = tRAs MIN ~300ns) 

- 

300 

pA 

3.6 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVJ^VinSG.SV, All Other Pins Not Under Test=0V) j 

- 10 

10 

1 

pA 


•oa) 

OUTPUT LEAKAGE CURRENT | 

(Dour is disabled. OVSVouT^ 5.5V) 

- 10 

10 1 

pA 


VoH 

OUTPUT LEVEL | 

Output "H" Level Voltage (Iout= -5mA) 

2.4 


• V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (louT = 4-2mA) 

- 

0.4 

V , 
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TC5141OOAPL/AJL/ASJL/AZL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V+10%, Ta = 0~70‘’c)(Notes7, 8, 9) 


SYMBOL 

PARAMETER - 

TC5141OOAPUAJ L/ASJ L/A2L-60 



MIN. 

MAX. 

^RC 

Random Read or Write Cycle Time 

110 

- 

m 


tRMW 

Read-Modify-Write Cycle Time 

135 

- 

0 


tpc 

Fast Page Mode Cycle Time 

45 

- 

m 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

70 

- 

ns 


tRAC 

Access Time from RAS 

- 

60 



tCAC 

Access Time from CAS 

- 

20 

ns 

10,15 

tAA 

Access Time from Column Address 

- 

30 

m 

10,16 

tCPA 

Access Time from CAS Precharge 

- 

40 

ns 

10 

tCLZ 

CAS to Output in Low-Z 

0 

- 

m 

10 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

0 

9 

tRP 

RM Precharge Time 

40 

- 

0 


^RAS 

RAS Pulse Width 

60 

10,000 

0 


tRASP 

R^ Pulse Width (Fast Page Mode) 

60 

200,000 

0 


tRSH 

RAS Hold Time 

20 

■- 

ns 


tRHCP 

RAS Hold Time From CM Precharge 
(Fast Page Mode) 

t 40 

- 



kSH 

CAS Hold Time 

60 

HBBH 

0 

■gj 

kAS 

CM Pulse Width 

20 


0 


kCD 

RM to CAS Delay Time 

20 

40 

0 

H 

tpAD 

^AS to Column Address Delay Time 

15 

30 

ns 

16 

kRP 

CAS to RAS Precharge Time 

5 


ns 


kp 

CAS Precharge Time 

10 

- 

ns 


t-ASR 

Row Address Set-Up Time 

0 


ns 


tRAH 

Row Address Hold Time 

10 

- 

0 


Use 

Column Address Set-Up Time 

0 

- 

0 


tCAH 

Column Address Hold Time 

15 

- 

0 


Ual 

Column Address to RAS Lead Time 

30 

- 

0 


kes 

Read Command Set-Up Time 

0 

- 

0 


tRCH 

Read Command Hold Time 

0 

- 

0 

12 

Urh 

Read Command Hold Time referenced 
to '^5 

0 

- 

ns 

12 

t-WCH 

Write Command Hold Time 

10 

- 

ns 
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TC5141OOAPL/AJL/ASJL/AZL-60 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5141GOAPL/AJIVAS J LyAZL-60 

UNITS 

NOTES 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


tcWL 

Write Command to CA5 Lead Time 

20 

- 

ns 


^OS 

Data Set-Up Time 

0 

- 

ns 

13 

Idh 

Data Hold Time 

15 

- 

ns 

13 

Iref 

Refresh Perio 

- 

128 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

14 

tcWD 

to Wftitfe Delay Time 

20 

- 

ns 

14 

^RWD 

RA5 to Wf^lTE Delay Time 

60 


ns 

14 

tAWD 

Column Address to WRITE Delay Time 

30 

- 

ns 

14 

tCPWD 

CaS Precharge to WRitE Delay Time 

40 

- 

ns 

14 

kSR 

CA§ Set-Up Time 
(CAS before lA? Cycle) 

5 

- 

ns 


tCHR 

CA5 Hold Time 
(C^ before ftAS Cycle) 

15 

- 

ns 


tRPC 

Sa 5 to CaS Precharge Time 

0 

- 

ns 


ICPT 

CA5 Precharge Time 

(Ca§ before ftAS Counter Test Cycle) 

30 

- 

ns 


tWTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 

ns 


tWTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

ns 


twRP 

WRITE to RAS Precharge Time 
(C!As before RAS Cycle) 

10 

- 

ns 


twRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

ns 
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TC5141OOAPL/AJL/ASJL/AZL-60 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°C) (Notes 7,8,9) 


SYMBOL 

PARAMETER 






tRC 

Random Read Write Cycle Time 

115 

- 

m 


tpc 

Fast Page Mode Cycle Time 

50 

- 

ns 


tRAC 

Access Time from Ri^ 

- 

65 

ns 

10,15 

16 

tCAC 

Access Time from CAS 

- 

25 

m 

10,15 

Ua 

Access Time from Column Address 

- 

35 

ns 

10,16 

tCPA 

Access Time from Precharge 

- 

45 

la 

10 

tRAS 

W Pulse Width 

65 

10,000 

11 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

m 


kSH 

CA5 Hold Time 

65 

- 

H 


tRHCP 

CaS Prechrge to RAS Hold Time 

45 

- 

■1 

■1 

tCAS 

GSr$ Pulse Width 

25 

10,000 

■1 

■i 

tRAL 

Column Address to RA~S Lead Time 

35 

- 

ns 



CAPACITANCE (Vcc = 5V ± 10%, f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cii 

Input Capacitance (AO-A10, Din) 

- 

5 

PF 

C|2 

Input Capacitance (Ms, CAS. WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 
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TC5141OOAPL/AJL/ASJL/AZL-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci» ICC3. ICC4, ICC6,ICC7 depend on cycle rate. 

4. ICC1» ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih. 

6. tRAS (i^ax.) = lps is only applied to refresh of battery-back up. tRAS = is applied to 
functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (inax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tRcii or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

14. twCS» tRWD, tcwD, tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcS—twCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD^tKwu(nun.), tcwD^ tcWD (min.), tAWD^ tAWD (min.) and tcPWD^ tcPWD (min.) (Fast Page 
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC* 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TIMING WAVEFORMS 
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READ-MODIFY-WRITE CYCLE 
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TC514100APL/AJL/ASJL/AZL-60 


TEST MODE 

The TC514100APL/AJL/ASJL/AZL is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aior, and Aqc are not used. If, upon reading, all bits equal (all “l”s or “0”s), 
the data output pin indicates a“l”. If any of the bits differed, the data output pin would indicate a“0”. 
Fig.l shows the block diagram of TC514100APL/AJL/ASJL/AZL. In “Test Mode”, the 4M DRAM can be 
tested as if it were a512K DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/8 in case of N test pattern). 
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NOTES 



4,194,304 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514100AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514100AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC51410OAP/AJ/ASJ/AZ - 70/80/10 | 

tRAC RAS Access Time 

70ns 

80ns 

100ns 






20n$ 

20ns 


tRc Cycle Time 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 





• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


o 

1 

> 

o 

Address Inputs 

WRITE 

Read/Write Input 

Ms 

Row Address Strobe 

Vcc 

Power (+ 5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C 

No Connection 

Ms 

Column Address Strobe 




• Low Power 

550mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ-70) 
468mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ -10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/1 Sms 

• Package TC514100AP : DIP18-P-300E 

TC514100AJ : SOJ26-P-350 

TC514100ASJ : SOJ26-P-300A 
TC514100AZ : ZIP20-P-400A 


PIN CONNECTION (TOP VIEW) 



CS5 

v$j 

wm 

A10 

N.C 

At 

A3 

A4 

A6 

A8 


BLOCK DIAGRAM 

WRIT? 

CS5 


AO O*- 
A1 <>► 
A2 O^ 
A3 0*“ 
A4 O*- 
A5 CH¬ 
AO o*. 
A7 O*- 
A8 O*- 
A9 O*- 
AlO O*- 




N0.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (11) 


REFRESH 

CONTROLLER 




ROW 

ADDRESS 

BUFFERS(II) 


NO.l CLOCK 
GENERATOR 


3 


REFRESH 
COUNTER (10) 


a 




DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATING 


Din 


-O OoUT 


MEMORY 

ARRAY 




SUBSTRATE BIAS 
GENERATOR 


» Vcc 
' Vss 
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TG5141OOAP/AJ/ASJ/AZ-70, TC5141OOAP/AJ/ASJ/AZ-60 
TC5141OOAP/AJ/ASJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1-7 

V 

1 

Output Voltage 

VOUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

oc 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature * Time 

Tsoloer 

260-10 

•C • sec 

1 

Power Dissipation 

Pq 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4,5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

■OH 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC5141OOAP/AJ/ASJ/AZ-70, TC5141OOAP/AJ/ASJ/AZ-80 

TC5141OOAP/AJ/ASJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

'MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAi, Address Cycling: tRc = tRc MIN. ) 

TC51410OAP/A j/ASJ/AZ-70 

- 

100 

mA 

3,4 

5 

TC514100 AP/AJ/ASJ/AZ-80 

_■ 

85 

TC51410OAP/AJ/ASJ/AZ-10 

- 

75 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^rOT=V|H) 

- 

2 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, tRc = tRc MIN. ) 

TC514100AP/AJ/AS J/AZ-70 

- 

100 

mA 

3,5 

TC514100AP/AJ/ASJ/AZ.80 

_ 

85 

TC5141OOAP/AJ/AS J/AZ-10 

- 

75 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V|L, CA$, Address Cycling: tpc = tpc MIN. ) 

TC514 lOOAP/AJ/ASJ/AZ-70 

_ 

60 

mA 

3,4 

5 

TC514100 AP/AJ/ASJ/AZ-80 

■- 

50 

TC51410OAP/AJ/ASJ/AZ-10 

- 

45 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CA?=:Vcc-0.2V) 


1 

mA 

■ 

•CC6 

CA? BEFORE R^ REFRESH CURRENT 

Average Power Supply Current, CAS Before J^aS 
Mode (RA$, CAS Cycling: tRc~tRc MIN. ) 

TC51410OAP/AJ/ASJ/AZ-70 

- 

100 

mA 

■ 

TC51410OAP/AJ/AS J/AZ-80 

- 

85 

TC51410OAP/AJ/ASJ/AZ-10 

- 

75 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V:S ViM^ 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 

■ 

•o (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVSVqut^ 5.5V) 

- 10 

m 


■ 

VqH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -SmA) 

D 

■ 


■ 

< 

O 

OUTPUT LEVEL 

Output "L" Level Voltage (loui^^ ^mA) 

- 

0.4 

V 

■ 
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TC5141CIOAP/AJ/ASJ/AZ-70, TC5141OOAP/AJ/ASJ/AZ-80 
TC5141OOAP/AJ/AS J/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V+10%, Ta = 0~70°c)(Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

tRAC 

Access Time from RAS 

kAC 

Access Time from 

tAA 

Access Time from Column Address 



TC514100AP/ 

AJ/ASJ/AZ-70 

TC514100AP/ * ‘ 
AJ/ASJ/A2-80 

TC5t4100AP/ 

AJ/ASJ/AZ-10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Access Time from CAS Precharge 


kLZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 
RA$ Precharge Time 


j-- 

tRAS 

irtAS Pulse Width 

tpASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 


RAS Hold Time From ( 
(Fast Page Mode) 


CAS Hold Time 


1 tA§ Pulse Width 


kCD 

Pa'S to CAS Delay Time 



-i 

20 

60 

Mao 

PAs to Column Address Delay Time 

15 

35 

15 

40 


kRP 

CAS to lAs Precharge Time 

tcp 

CAs Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Tim' 


Column Address Hold Time 
Column Address to RA? Lead Time 


Read Command Set-Up Time 


kCH 

Read Command Hold Time 

0 

kRH 

Read Command Hold Time referenced 
to RAS 

0 

twCH 

Write Command Hold Time 

15 























































































TC5141OOAP/AJ/ASJ/AZ-70, TC5141OOAP/AJ/ASJ/AZ-60 

TC5141OOAP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 

TC514100AP/ 

AJ/ASJ/AZ-70 

TC514100AP/ '' 
AJ/ASJ/A2-80 

TC514100AP/ 

AJ/ASJ/AZ-10 

UNITS 



MAX. 


MAX. 



twp 

Write Command Pulse Width 

15 

- 

15 

- 


- 

S 


tRWL 



- 


- 


- 

a 


^CWL 

Write Command to C55 Lead Time 

20 

- 


- 

25 

- 

B 


tos 

Data Set-Up Time 

0 

- 

HD 

- 

0 

- 

m 

12 

tOH 

Data Hold Time 

15 

- 


- 

20 

- 

B 

12 


Refresh Period 

- 

16 

- 

16 

- 

16 

IQQI 


%CS 

Write Command Set-UP Time 

0 


0 

- 

■Q 

- 

B 

13 

kwD 

CAS to WRITE Delay Time 

20 


20 

- 


- 

B 

13 

tRWO 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 


ns 


^AWD 

Column Address to WRITf Delay Time 

35 

- 

40 

- 


- 

m 

13 

tCPWD 

CaS Precharge to WRITE Delay Time 

40 

- 


- 

55 

- 

B 

13 

kSR 

E!aS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

5 

- 

■ 

Bi 

ns 


kHR 

- .-.J 

CiA§ Hold Time 
{CaS before RAS Cycle) 

15 

- 

15 

- 

20 

- 

ns 


kpc 

AaS to CaS Precharge Time 

0 

- 

0 

- 

0 

- 

il9 


tCPT 

?AS' Precharge Time 

(CAS before WAS Counter Test Cycle) 

40 

- 

40 

- 

50 

- 

ns 


B 


10 

- 

10 

- 

10 

- 

ns 




10. 

m 

10 

- 

10 

- 

ns 


tWRP 

WWlTE to RA? Precharge Time 
(CaS before WAS Cycle) 

10 


10 

;|H| 


- 

ns 


twRH 


10 

- 


- 


■n 


■ 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514100AP/ 

AJ/ASJ/A2-70 

TC514100AP/ ' 
AJ/A5J/AZ-80 

TC514100AP/ 

AJ/ASJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 



MAX. 

^RC 

Random Read Write Cycle Time 

135 

■■IH 


- 


- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

160 


180 

- 

215 




^PC 

Fast Page Mode Cycle Time 

50 


55 

- 

65 


m 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

75 


80 


95 

- 

ns 

13 

tRAC 

Access Time from RAS 

- 

75 


85 


105 



tCAC 

Access Time from CAf 

- 

25 

- 

25 

- 

30 

ns 

9, 14 

^AA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

ns 

9, 15 

kPA 

Access Time from CAS Precharge 

- 

45 

- 

50 

- 

60 

m 

9 

t.RAS 

RaS Pulse Width 

' 75 

10,000 

85 

10,000 


10,000 

m 


^RASP 

RAS Pulse Width (Fast Page Mode) 

75 

200,000 

85 

200,000 

105 

200,000 

ns 


tRSH 

Hold Time 

25 



- 

30 

- 

ns 


kSH 

^ Hold Time 


- 

85 

- 


~ 

ns 


tRHCP 

CAS Prechrge to RA? Hold Time 

45 

- 

50 

1 


- 

ns 



CS3 Pulse Width 





30 


li 


^RAL 

Column Address to RAS Lead Time 

40 

- 


- 


- 

ns 


tcwo 

CAS to WRITE Delay Time 

25 

- 


- 


BBli 

ns 

13 

tRWD 

RAS to WRITE Delay Time 


HBI 


[IBH 


- 

■I 



Column Address to WRITE Delay Time 


IHBH 

45 

- 

- 

- 

la 

13 

tCPWD 

CaS Precharge to WRITE Delay Time 

45 

- 

50 

- 


IHBB 

m 

13 


CAPACITANCE (Vrr = 5V± 10%, f = 1MHz, Ta = 0~70'’C) 


SYMBOL 

PARAMETER 

MIN. 



C,i 

Input Capacitance (A0~A10, Dim) 

- 

5 


Ct2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. IcC4. Icc6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = Vil and CAS = Vni. 

6. An initial pause of 200ps is required after power-up followed by 8 RA§ only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RA$ only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Viii (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTJy loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CaS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcSi tRWD> tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twCS—twCS the cycle is an early 

write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD= tRWD (min.), tcwD^ tcWD (min.), tAWD^ tAWD (min.) and tcpwD^ tcpWD (min.) (Fast Page 
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If Ircd is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 
READ CYCLE 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



VoH — 

Dout -----OPEN 

Vql — 


: "H" or "L" 
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CAg BEFORE RA5 REFRESH CYCLE 
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GM BEFORE REFRESH COUNTER TEST CYCLE 




; "H" or "L* 
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TEST MODE 

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194»304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aiqr, Aioc and Aqc are not used. If, upon reading, all bits equal (all “l”s or 
“0”s), the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate 
a“0”. Fig.l shows the block diagram of TC514100AP/AJ/ASJ/AZ. In “Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRITE, CAS Before HAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “HAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CaS Before HAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/8 in case of N test pattern). 
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NOTES 



4,194,304 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514100APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by 
1 bit. The TC514100APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC614100APLyAJL/ASJL/AZL to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20';pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 6V ± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL, 


FEATURES 


• 4,194,304 word by Ibit organization • 

• Fast access time and cycle time 



TC5141OGAPUAJ L/ASJ lyAZL- 
70/80/10 

tRAC Access Time 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC Ca$ Access Time 

20ns 

20ns 

25ns 

tRc Cycle Time 

130ns 

150ns 

180n$ 

tpc Fast Page Mode 

Cycle Time 

45ns 

50ns 

60ns 


• Single power supply of 6V± 10% 

with a built-in Vbb generator • 

PIN NAMES 


^0-A10 

Address Inputs 

wwe 

Read/Write Input 

MS 

Row Address Strobe 

Vcc 

Power (5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C. 

No Connection 

ZaS 

Column Address Strobe 




Low Power 

650mW MAX. Operating 

(TC514100APL/AJL/ASJL/AZL-70) 
468mW MAX. Operating 

(TC514100APL/AJL/ASJL/AZL - 80) 
413mW MAX. Operating 

(TC514100APL/AJL/ASJL/AZL~ 10) 
l.lmW MAX. Standby 

Outputs unlatched* at cycle end allows two- 

dimensional chip selection 

Common I/O capability using “EARLY 

WRITE” operation _ 

Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/128ms 
Package TC514100APL : DIP18-P-300E 
TC514100AJL : SOJ26-P-350 
TC514100ASJL: SOJ26-P-300A 
TC514400AZL ; ZIP20-P-400A 


PIN CONNECTION (TOP VIEW) 


Pin t 
WATT! I 

AioC 

A0( 


A2q 

A3qi 

Vcc! 


18]' 

17]l 


Vs$ 


14], 

13], 


|A9 


|A8 
|A7 
|A6 
id AS 
1^A4 



CST 

Vs$ 

WATTE 

A10 

N.C 

A1 

A3 

A4 

A6 


BLOCK DIAGRAM 

WAITE 





SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1-7 

V 

1 

Output Voltage 

VouT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature*Time 

Tsoloir 

260*10 

•C*sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

■ mA 

1 


RECOMMENDED PC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 


Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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nr. FIFCTRICAL CHARACTERISTICS (Vcc*5V110%, Ta»0--70"c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

im 

OPERATING CURRENT 

TCS141OOAPL/AJL/AS JL/A2L-70 


100 


H 

mm 

Average Power Supply Operating Current 

TC514100 APUAJL/AS JL/AZL-80 

- 

85 

mA 


(ftAS, CAS, Address Cycling: tRc = tRc MIN. ) 

TCS 141OOAPL/AJL/AS JL/A2L-10 

- 

75 


B 

kC2 

STANDBY CURRENT 

Power Supply Standby Current 
(?(A5 sr CAS ss V|h) 

■ 

■ 

mA 

■ 


]?a5 only REFRESH CURRENT 

TCS 14 lOOAPUAJL/AS JL/AZL-70 

- 

100 


■1 

ka 

Average Power Supply Current, RaS Only Mode 

TCS 1410OAPL/AJUAS JL/AZL-80 

- 

85 

mA 

H 


(RAS Cycling, CASs V|h: tRc«tRc MIN. ) 

TCS14 lOOAPiyAJL/ASJL/AZL-l 0 

- 

75 


B 


FAST PAGE MODE CURRENT 

TCS 141 OOAPL/AJL/ASiL/AZL-70 

- 

70 


3,4 

•CC4 

Average Power Supply Current, Fast Page Mode 

TCS 14 lOOAPUAJL/ASJL/AZLmO 


60 

mA 


(ftAS = ViL, CAi, Address Cycling: tpc = tpc MIN. ) 

TCS 14100APt;AJL/ASJUAZL-l 0 

- 

55 


5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(M?aCAJ=Vcc-0.2V) 

■ 

200 

pA 

■ 


CA5 BEFORE 1?A5 REFRESH CURRENT 

TCS14100APL/AJL/ASJLyAZL*70 

- 

100 


■I 

•CC6 

Average Power Supply Current, CAS Before ftAS 

TCS 141 OOAPl/AJUASJL/AZL-80 

- 

85 

mA 

B 


Mode(^, Ca? Cycling: tRc*tRc MIN. ) 

TCS 141OOAPL/AJL/ASJL/AZL-10 

- 

75 


B 

icC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 
(CaJ=Ca? Before Cycling or 0.2V, WRITE = Vcc-0.2V 

A0-10sVcc-0.2V or 0.2V, D|n = Vcc - 0.2V, 0.2V or OPEN: 
tRc * 1 25ps, Iras « 300ns -1 ps) 

1 

400 

pA 

3,6 

iCC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 
(CAS a CAS Before RAS Cycling or 0.2V, WRITE aVcc-0.2V 

A0-10 = Vcc- 0.2V or 0.2V, Din « Vcc - 0.2V, 0.2V or OPEN; 
tRC® 125ps, tRAS<>tRAs MIN.“-300ns) 

1 

300 

pA 

3,6 

•id) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^V|n:S 6.5V, All Other Pins Not Under Testa 

OV) 

-10 

10 

pA 

■ 

>0(1) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OVSIVout^S.SV) 

-10 

10 

pA 

■ 

VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqui » -5mA) 

D 

■ 

D 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (louT*4-2mA) 

D 

D 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70'’c)(Notes7, 8, 9) 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TCSUIOOAPiy 

AJL/ASJL/AZL-70 

TC514100APLy 

AJiyASJiyAZL-SO 

TC514100APL/ 

AJl7ASJiyA2L-10 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Comrr^and Pulse Width 

15 

- 

15 

- 

20 

- 

m 


tRWL 

Write Command to Lead Time 


- 

20 

- 

25 

- 

o 


tcWL 

Write Command to CA5 Lead Time 


- 


- 

25 

- 

rai 


tos 

Data Set-Up Time 

0 

- • 

0 

- 

0 

- 

|Q 

13 

|J9!IIIIIII^ 

Data Hold Time 

15 

- 

15 

- 

20 

- 

Q| 

13 

BSIIIIII^ 

Refresh Period 

- 

128 

- 

128 

- 

128 

mi 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

0 

- 

m 

14 

^CWD 

CAi to WliTf Delay Time 

20 

- 

20 

- 

25 

- 

0 

14 

tRWD 

RA? to WftlTfe Delay Time 

70 

- 

80 

- 

100 

- 

m 

14 

tAWD 

Column Address to WRlTf Delay Time 

35 

- 

40 

- 

50 

- 

S 

14 

tCPWD 

CAS Precharge to WRITE Delay Time 

40 

- 

45 

- . 

55 

- 

m 

14 

kSR 

CaS Set-Up Time 
(CAS before RaS Cycle) 

5 

- 

5 

- 

5 

- 

ns 


kHR 

CaS Hold Time 
(CAS before RAS Cycle) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

m 


tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 


Bi 

40 

- 

50 


ns 


twTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

m 

10 

- 

10 

■ 

ns 


twTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

.10 


10 

- 

ns 


twRP 

WRITE to RAS Precharge Time 
(CaS before RaS Cycle) 

10 


10 


10 

- 

ns 


twRH 

WRIT^ to RAS Hold Time 
(CaS before RaS Cycle) 

10 

Bj 

10 

- 

10 

- 

ns 



A-119 






































































































TC5141OOAPUAJL/ASJL/AZL-ZO, TC5141OOAPL/AJL/ASJL/AZL-80 
TC5141OOAPL/AJL/ASJUAZL-10 


ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (Vcc = 5V + 10%, Ta = 0~70°C) (Notes 7, 8,9) 


SYMBOL 

PARAMETER 

TC514100APL/ 

AJL/ASJiyAZL-70 

TC514100APLy 

AJiyASJiyAZL-BO 

TC514100APLy 

AJL/ASJL/AZL-10 


■ 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read Write Cycle Time 

135 

- 

155 


185 

- 

m 


tRMW 

Read-Modify-Write Cycle Time 

165 

- 

180 

- 

215 

- 

D 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

m 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

75 


80 

- 

95 


ns 

14 

tRAC 

Access Time from ^a5 

- 

75 

- 

85 

- 

105 

ns 

10,15 

16 

^CAC 

Access Time from CAS 

- 

25 

- 

25 

- 

30 

m 

10,15 

W 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

ra 

10,16 

tCPA 

Access Time from CaS Precharge 

- 

45 

- 

50 

- 

60 

m 

10 

tRAS 

TC55 Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

ra 


tRASP 

RA$ Pulse Width (Fast Page Mode) 

75 

200,000 



105 

200,000 

m 


tRSH 

kA$ Hold Time 

25 

- 

25 

- 

30 

- 

o 


kSH 

Ca 5 Hold Time 

75 

- 

85 

- 

105 

- 

19 


tRHCP 

Ca 5 Prechrge to ftAl Hold Time 

40 

- 

50 

- 

60 

- 

■9 


tCAS 

Ca$ Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

m 


tRAL 

Column Address to ]^aS Lead Time 

40 

- 

45 

- 

55 

- 

o 


tcWD 

Ca$ to WRTff Delay Time 

25 


25 

- 

30 

- 

19 

mm 

tRWO 

RA$ to VvfliTt Delay Time 

75 

- 

85 

- 

105 

- 

19 

14 

tAWO 

Column Address to VvftlYf Delay Time 

40 

- 

45 

- 

55 

- 

■9 

14 

II8SSIII 

Ca§ Prechrge to WftItE Delay Time 

45 

- 

50 

. - 

60 


99 

14 


CAPACITANCE (Vcc = 5V ± 10%, f = 1M Hz, Ta = 0~70'C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|i 

Input Capacitance (A0~A 10, D|n) 

- 

5 

PF 

C|2 

Input Capacitance (ftAS, CAi, WRITE) 

- 

7 

Co 

Output Capacitance (Dout) 


7 
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TC5141OOAPL/AJL/ASJL/AZL-70, TC5141 OOAPL/AJUASJLyAZL-80 

TC5141OOAPUAJL/ASJL/AZL-10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3* ICC4. ICC6,ICC7 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While ilAS=ViL and CAS = Vih. 

6. tRAS (i^ 2 LX.) = lps is only applied to refresh of battery-back up. tpAS (max.) = lOps is applied to 
functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RaS refresh cycles instead of 8 RAS only refresh cycles are required, 

8. AC measurements assume tT = 5ns. 

9- ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vn-i and Vil, 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) defines the time at which tRe output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tpcH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CaS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

14. twcs. tRWDi tcwD, tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD^tRWD (min.), tcwD^ tcwD (min.), tAWD^ tAWD (min.) and tcpwD^tcpwD (min.) (Fast Page 
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (niax.) 
limit, then access time is controlled by tAA» 
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TC5141OOAPL/AJUASJL/AZL-70, TC5141OOAPL/AJUASJUAZL-80 
TC5141OOAPL/AJL/ASJUAZL-10 


TIMING WAVEFORMS 
READ CYCLE 





TC5141OOAPUAJLVASJL/AZL-ZO, TC5141OOAPL/AJL/ASJL/AZL-80 

TC5141OOAPL/AJL/ASJL/AZL-10 






TC5141OOAPL/AJL/ASJUAZL-70, TC5141OOAPL/AJL/ASJL/AZL-80 
TC514100APL/AJL/ASJLyAZL-10 


READ-MODIFY-WRITE CYCLE 






TC514100APLyAJl7ASJUAZL-70, TC5141OOAPL/AJL/ASJUAZL-60 

TC5141OOAPUAJL/ASJUAZL-10 


FAST PAGE MODE READ CYCLE 
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TC5141OOAPUAJL/ASJL/AZL-70, TC5141OOAPL/AJL/ASJL/AZL-80 
TC5141OOAPUAJL/ASJL/AZL-10 
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TC5141OOAPL/AJL/ASJL/AZL-70, TC5141OOAPL/AJL/ASJL/AZL-SO 

TC5141OOAPLVAJL/ASJL/AZL-10 







TC5141OOAPL/AJL/ASJL/AZL-70, TC5141 OOAPLyAJL/ASJL/AZL-80 
TC5141OOAPL/AJUASJL/AZL-10 


ONLY REFRESH CYCLE 



Dout 


VOH - 

VoL — 


OPEN 


"H" or "r 


Note: Wim,A10=“H” or “L” 



TC5141 OOAPL/AJLyASJL/AZL-70, TC5141OOAPL/AJL/ASJL/AZL-80 

TC5141OOAPL/AJL/ASJL/AZL-10 




TC5141OOAPL/AJL/ASJL/AZL-70, TC5141 OOAPL/AJL/ASJLyAZL-80 
TC5141OOAPL/AJL/ASJL/AZL-10 
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TC5141OOAPL/AJL/ASJL/AZL-70, TC514100APL/AJL7ASJL/AZL-80 

TC5141OOAPL/AJL/ASJL/AZL-10 



A-131 







TC5141OOAPL/AJUASJL/AZL-70, TC514100APL7AJL/ASJL/AZL-80 
TC5141OOAPL/AJUASJUAZL-10 


MS BEFORE MS KEFRESH COUNTER TEST CYCLE 



WRITE CYCLE 







TC5141 OOAPLyAJL/ASJL/AZL-70, TC5141OOAPL/AJL/ASJL/AZL-80 
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TEST MODE 

The TC514100APL/AJL/ASJL/AZL is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aior, and Aqc are not used. If, upon reading, all bits equal (all ”l”s or“0”s), 
the data output pin indicates a ”1”. If any of the bits differed, the data output pin would indicate a ”0”. 
Fig.l shows the block diagram of TC514100APL/AJL/ASJL/AZL. In‘Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRiTi), CaS Before RAS Refresh Cycle” puts the device into ‘Test Mode”. And *‘CAS Before tlA$ 
Refresh Cycle” or ‘‘RA$ Only Refresh Cycle” puts it back into ‘‘Normal Mode”. In the Test Mode, 
“WRITE, CaS Before RaS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The‘Test Mode” function reduces test times (1/8 in case of N test pattern). 
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4,194,304 WORD x 1 BIT DYNAMIC RAP1 * This is advanced information and specifications 

are subject to change without notice. 

DESCRIPTION 

The TC514101J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101J/2 utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514101J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro¬ 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup¬ 
ply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 
» Fast access time and cycle time 


[ ~ 


btWtl 

RAS Access Time 

80ns 

■PBKMI 


Column Address 
Access Time 

40ns 


Hil^J 

CAS Access Time 

20ns 

25ns 


Cycle Time 

150ns 

180ns 

tNC 

l395SEe&9HH 

40ns 

45 ns 


Single power supply of 5V±10% with a 
built-in Vg£ generator 


PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 


• Low power 

578mW Operating (TC514101J/Z-80) 
495mW Operating (TC514101J/Z-10) 
5.5raW MAX. Standby 

• Output unlatched at cylce end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY 

WRITE" operation _ 

• Read-Mod ify -Write, CAS before RAS re¬ 

fresh, RAS-only refresh. Hidden 
refresh. Nibble Mode and Test Mode 
capability 

• All inputs and output TTL compatible 

• 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514101J 

Plastic ZIP: TC514101Z 


DINC 1 
WlTfiC 2 
RSgC3 
N.C. I 4 
AlOC 5 

A0C9 
A1 E 10 
A2[ll 
A3C12 
Vcc H ^ ^ 


CAS 


N.C. 


26 IVSS 
25 I DOUT 
24 1 CSSS’ 
23 IN.C. 
22 1a9 

18 IA8 
17 1 A7 
16 1A6 
15 1A5 
14 1A4 


A9 

DOUT 

Din 

RAS 

N.C. 


AO JUJ 
A2 iS 

vcc xS 

A5 &] 
A7 iiG 


CISS" 

Vss 

WRITE- 

AlO 

N.C. 


(i|ai 

DI4a3 

M 


A4 


OB A6 
A8 


Column Address Strobe 


WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 


No Connection 


BLOCK DIAGRAM 


WRITE 
OiS o- 


AO < 
A1 C 
A2 C 
A3 C 
A4 i 
AS ( 
A6< 
A7 C 
A8C 
A9C 
AlOC 


:0- 


No.2 CLOCK 
GENERATOR 


..COLUMN 
.-■N ADDRESS, , 
li/j BUFFERS (11) 


REFRESH 
CONTROLLER hn 


D 


REFRESH, ^ 
COUNTER(IO) 




—MROW 
JjJ ADDRESS, 


BUFFERS (11) 


RAS 


X 


No.l CLOCK 
GENERATOR 


10 




DATA IN 
BUFFER 


* Din 


DATA OUT 
BUFFER 


DOUT 


3d 


=i=?T 


COLUMN 

DECODER 


SENSE AMP, 
I/O GATE 


— 4096- 



i 

MEMORY 

Q 

1024 


Im 

, 

ARRAY 

Hi 




SUBSTRATE BIAS 
GENERATOR 


’ VCC 
• Vss 


PIN NAMES 


AO-'-AlO 

Address Inputs 

RAS 

Row Address Strobe 

dih 

Data In 

DoUT 

Data Out 





































TC514101J/Z-^0 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 

SYMBOL 

RATING 

Input Voltage 

VIN 

-l'^7 

Output Voltage 

VoUT 

^1^7 

Power Supply Voltage 

Vcc 

-1'\.7 

Operating Temperature 

ToPR 

0 ^ 70 

Storage Temperature 

Tstg 

-55 ^ 150 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

Power Dissipation 

Pd 

600 

Short Circuit Output Current 

Iqut 

50 




RECOMMENDED DC OPERATING CONDITIONS (Ta^O'v* 70"C) 


MIN. 


.5 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

ViH 

Input High Voltage 

VlL 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (Vcc“5V±10%, Ta»0'V'70®C) 



TC514101J/lZ-“80 


TC514l01J/2r-10 


PARAMETER 


OPERATING CURRENT 

Average Power Supply Operating Current 
(MS, MS', Address Cycling; tRc*tRC MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

(MS-CSS-Vih) 


RAS ONLY REFRESH CURRENT _ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CaS»Vxh 5 tRc®tRC MIN.) 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(IAS=Vxl, CAS, Address Cycling: t^c^tNC MIN,)|tc514101J/2~10 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=C^«Vcc-0.2V) 







CAS BEFORE RS5 REFRESH CURRENT _ 

Average Power Supply Current^ CAS Before RAS 

TC514101J/Z-80 

- 

105 



^CC6 

Mode (RAS, CAS Cycling: MIN.) 

TC514101J/Z-10 

- 

90 

mA 

3 

IKL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V<Vj^<6. 
Other Pins not under Test«0V) 

5V, All 

-10 

10 

VA 

■ 


OUTPUT LEAKAGE CURRENT 

(Dout disabled, OV< Vqut^S.SV) 


OUTPUT LEVEL 

Output "H” Level Voltage (IoUT*’“5mA) 


OUTPUT LEVEL 

Output "L” Level Voltage (Iqut®A. 2inA) 
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TC514101J/Z-80 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS 

(Vccr5V±10%, Ta«0'v70®C) (Notes 6, 7, 8) 


TC514101J/Z TC514101J/Z 

PARAMETER -80 -10 


tRC Random Read or Write Cycle Time 


^RMW Read-Mod if y-Wr it e Cycle Time 


^NC Nibble Mode Cycle Time 


^NRMW Nibble Mode Read-Modify-Write Cycle Time 


^RAC Access Time from RAS 


^CAC Access Time from CAS 


tAA Access Time from Column Address 


Nibble Mode Access Time 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


^RSH RAS Hold Time 


^CSH CAS Hold Time _ 

~^CAS ^ Pulse Width 


^RCD RAS to CAS Delay Time 


^RAD RAS to Column Address Delay Time 


^CRP CAS to RAS Precharge Time 


^CP CAS Precharge Time 


^ASR Address Set-Up Time 


^RAH Address Hold Time 


^ASC Column Address Set-Up Time 


^CAH Column Address Hold Time 


^AR Column Address Hold Time referenced to RAS 


^RAL Column Address to RAS Lead Time 


^RCS Read Command Set-Up Time 


^RCH Read Command Hold Time 


^RRH Read Command Hold Time referenced to RAS 


^WCH Write Command Hold Time 


^WCR jWrite Command Hold Time referenced to RAS | 60 


15 


(Write Command Pulse Width 


(Write Command to RAS Lead Time 











































































































































































TC514101J/Z-80 

TC514101J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514101J/Z 

-80 

TC514101J/Z 

-10 

UNITS 

NOTES 

MINe 

•MAX. 

MIN. 

MAX. 

tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- • 

ns 


tDS 

Data Set-Up Time 

0 

-■ 

0 

- 

ns 

12 

^DH 

Data Hold Time 

15 

- 

20 

- 

ns 

12 


Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 



Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

13 

^CWD 

CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 

13 

^RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

13 

mm 

Column Address to WRITE Delay Time 

40 

- 


- 

ns 

13 

tCSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 


ns 


•^CHR 

CAS Hold Time (CAS before RAS Cycle) 

15 

mm 

20 


ns 


tRPC 

RAS” to CAS Precharge Time 

0 

mm 

0 


ns 


'^CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

■ 

50 

B 

ns 

B 

*^NCAS 

Nibble Mode Pulse Width 

20 

- 

25 


ns 


£ncp 

Nibble Mode CAS Precharge Time 

10 

- 

10 

- 

ns 


^NRSH 

Nibble Mode RAS Hold Time 

20 

- 

25 

- 

ns 


•^Nart) 

Nibble Mode CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 


^NRWL 

Nibble Mode WRITE Command to RAS Lead 

Time 

20 

B 

25 

B 

ns 


tRCWL 

Nibble Mode WRITE Command to CAS Lead 

Time 

20 

B 

25 

B 

ns 

B 

tWTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


*^HTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 


ns 


tWRP 

WRITE to RAS Precharge Time 
(CK before lA§ Cycle) 

10 

- 

10 

B 

ns 

B 

•^WRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

B 

10 

B 

ns 

B 
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TC514101J/Z-«0 

TC514101J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

_(Vcc-5V±10Z, Ta«0'v70*C) (Note 6, 7. 8) 


SYMBOL 

PARAMETER 

TC514i01J/Z 

-80 

TC514101J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 


ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9.14,15 

•^CAC 

Access Time from CSl’ 

- 

25 

- 

30 

ns 

9,14 

•^AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

’^RAS 

Ms Pulse Width 

85 

10,000 

105 

10,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


’^CSH 

C^ Hold Time 

85 

- 

105 

- 

ns 


*^CAS 

Ms Pulse Width 

25 

10,000 

30 

10,000 

ns 


•^RAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (Vcc“5V±10%, f=lMHz, Ta=0;v70*C) 


SYMBOL 

PARAMETER 

min. 

MAX. 

UNIT 

Cii 

Input Capacitance (AO^'^AIO, Dxn) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

pF 
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NOTES: 

1, Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3* ^CC1> ^CC3» ^CC4> ^CC6 d^pe^d on cycle rate. 

^CCl* ^CC4 <iepend on output loading. Specified values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS»^IL and CAS^^ih. 

6. An initial pause of 200ys is required after power-up followed by 8 RA^ only 
refresh cycles before proper device opera tion is ac hieve d♦ In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx*5ns. 

8. Vj{|(min.) and VxL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vih and Vjx,* 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF(^^x*) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

11. Either or tj^jj must be satisfied for a read cycle. 

12. Th ese pa rameters are referenced to CAs leading edge in early write cycles and 
to WRITE leading edge in read-modify-rwrite.cycles. 

13. ^RWD> ^CWD ^^d tAWD restrictive operating parameters. - They, are 

included in the data sheet as electrical characteristics only. If tycg^ tycs 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRyj)^ tpy])(min.), 

^CWD * ^^d tj^WD * cycle is a read-mod if y-wr it e cycle and 

data out will contain data read from the selected cell: If neither of the 
above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

14. Operation within the tRCD(max.) limit insures that met. 

is specified as a reference point only: If tRQj) is greater than the 
specified tRQD(max.) limit, then access time is controlled by tg^Q. 

15. Operation within the tj^(max.) limit insures that t|^Q(max.) can be met. 

specified as a reference point only: If tR/y) is greater than the 
specified tR^(max.) limit, then access time is controlled by t^y^. 
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READ-MODIFY-WRITE CYaE 
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NIBBLE MODE READ CYCLE 



NIBBLE MODE WRITE CYCLE (EARLY WRITE: 
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NIBBLE MODE READ-MODIFY-WRITE CYCLE 
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( 

HIDDEN REFRESH CYCLE (READ) I 
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10514101 J/Z-«0 
10514101J/Z-10 


HIDDEN REFRESH CYCLE (WRITE) 



Vqh — 

Dour OPEN 

VoL — 


177^ : "H" or "L' 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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Mm, 


55? BEFORE Ug REFRESH CYCLE 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within 
the TC514101J/Z are multiplexed onto the 11 address inputs and latched into the on- 
chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 11 row address bits 
into the chip. The second clock, the Column Address Strobe (C5§), subsequently 
latches the 11 column address bits into the chip. Each of these signals, RA§, and 
CAS, triggers a sequence of events which are controlled by different delayed inter¬ 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
’’gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (t^^) has been satisfied and the address inputs 
have been changed from Row address to Column address information, 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CA§) to make its negative transition is the strobe for the Data In (Djjj) register. 
This permits several options in the write cycle timing. In a write cycle, if the 
i^ITE input is brought low (active) prior to CAS, the Djjj is strobed by. CAS’ and the 
set-up and hold times are referenced to CAS. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. 'In .this ’’delayed 
write cycle” the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, Djjj is referenced to 
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the ’’early write” cycle diagram shows Djn referenced to CSS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low), Data read from the selected cell will be available at the ouptut 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqu^) of the TC514101J/Z is the high 
impedance (open circuit) state. This is to say, anytime CAS is at a high level, the 
Dqut will be floating. The only time the output will turn on and contain either 

a logic 0 or logic 1 is at access time during a read cycle. Dqut remain valid 

from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at t^AC 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate. Row and column address heed only be supplied 
for the first access of the cycles. From then on, the falling edge of CAS will 
activate the next bit. After four bits have been accessed, the next bit will be 
the same as the first bit accessed (wrap-around method). 

. 0 )---( 0 , 1 )--( 1 , 0 )--( 1 , 1 ) 


Address AlO determines the starting point of the circular 4 bits nibble. Row AlO 
and column AlO provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 01 10 11 with 

AlO row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any combinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap¬ 
around will continue for as long as RAS is kept low. 




RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row address (A0'''A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only” cycles. 


A-155 





TC514101J/Z-80 

TC514101J/Z-10 


CSS BEFORE ^ REFRESH 

CAS before KAS refreshing available on the TC514101J/Z offers an alternate 
refresh method. If CiSS is held on low for the specified period (tQ3R) before lAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op¬ 
eration is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 


HIDDEN REFRESH 

An optional feature of the TC514101J/Z is that refresh cycles may be per¬ 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refersh. Hidden Refresh is performed by holding CA§ at Vjl taking RAS high and 
after a specified precharge period (tjyp), executing a CAS before RAS refresh cycle. 
(See Figure below) 
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This feature allows a refresh cycle to be ^'hidden*' among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514101J/Z can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST, This cycle performs READ/WRITE operation taking the internal 
counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write ”0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read **0'* out and write "1** in each cell 
by performing CAS" BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . 

Repeat this operation 1024 times. 

(3) Check "1" out of 1024 bits at normal read mode, which was written at . 

(4) Using the same column as (J) , read *'l” out and write "0” in each cell per¬ 
forming CAS BEFORE MS REFRESH COUNTER TEST. 

Repeat this operation 1024 times, 

@ Check *'0” out of 1024 bits at normal read mode, which was written at (?). 

(6) Perform the above (T) to the complement data. 
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TEST MODE 

The TC514101J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. AlOR, AlOC and AOC are not used. If, upon 
reading, all bits are equal (all "l"s or "0"s), the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514101J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 512K DRAM. 

"WRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". And 
"CAS Before RAS Refresh.Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, 'VRITE, CAS Before RAS Refresh Cycle" performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function reduces 
test times (1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN TEST MODE 



Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 


This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ(300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. The special feature 
of TC514101AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high 
data rate. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 


___ _ _ 

TC514101 AP/AJ/ASJ/AZ - 60 

^RAC 

RAS Access Time 

60ns 

tAA 

Column Address 
Access Time 

30ns 

tCAC 

CAS Access Time 

20ns 

tRC 

Cycle Time 

110ns 

^NCAC 

Nibble Mode 

Access Time 

20ns 

tNC 

Nibble Mode 

Cycle Time 

40ns 


♦ Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


Low Power 

660mW MAX. Operating 

(TC514101AP/AJ/ASJ/AZ - 60) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 

dimensional chip selection 

Common I/O capability using “EARLY 

WRITE” operation _ _ 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Nibble 
Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package TC514101AP : DIP18-P-300E 

TC514101AJ : SOJ26-P-350 

TC514101ASJ : SOJ26-P-300A 

TC514101AZ : ZIP20-P-400A 


A0~A10 

Address Inputs 

WRITE 

Read/Write Input 

CM 

Column Address Strobe 

Vcc 

Power (+ 5V) 

Din 

Data In 

Vss 

Ground 

C>OUT 

Data Out 

N.C. 

No Connection 

Ms 

! Row Address Strobe 




BLOCK DIAGRAM 


DATA IN 

DATA OUT 

BUFFER 

BUFFER 


PIN CONNECTION (TOP VIEW) 


N0.2 CLOCK 
GENERATOR 




/5= 

1 

2 

26 

25 


?CS5l 

3 

24 

fes;' 

N.C.I 

4 

23 

3n.C. 

AlOl 

S 

22 

3a9 

AOC 

9 

18 

]A8 

Alt 

10 

17 

JA? 

A2[ 

11 

16 

]A6 

A3C 

12 

15 

3a5 

Vcct 

13 

14 

3A4 


T] 


JJ 

17.. 

[T] 

5-J 


7.J 


k.j 

[lO* 

JJJ 

[lY 


[iV 

33] 

[iV 

3}] 

[iV 

33] 

CCo 


COLUMN 

ADDRESS 

BUFFER(II) 

REFRESH 

CONTROLLER 


REFRESH 
COUNTER (10) 

ROW 

ADDRESS 

BUFFER(ll) 

- ^ - 

N0.1 CLOCK 
GENERATOR 


SENSE AMP 
I/O GATING 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 



Input Voltage 

V,N 

- 1~7 


1 

Output Voltage 

VOUT 

- 1-7 


1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 


“C 

■gg 

Storage Temperature 



*C 


Soldering Temperature • Time 


260*10 

*C • sec 

mm 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 


1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70‘’c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

1CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RM, CAS, Address Cycling: tRc = tRc MIN. ) 

TC514101 AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3,4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = ^=V|h) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, CAS = V,h: tRc = tRc MIN. ) 

TC514101AP/AJ/ASJ/A2-60 

- 

120 

mA 

3,5 

■CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS = V|l, CAS, Cycling: tNc = tNc MIN. ) 

TC514101 AP/AJ/ASJ/AZ-60 


50 

mA 

3.4 

5 

•CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^=CA5 = VCC-0.2V) 

- 

1 

mA 


ICC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 
Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

TC514101 AP/AJ/ASJ/AZ-60 

- 

,20 

mA 

3,5 

'l{L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV|nS 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV^ Vqut-5.5V) 

-10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70°c)(Notes 6, 7, 8) 




tNRMW 

Nibble Mode Read-Modify Write Cycle 
Time 

65 

- 

ns 


tRAC 

Access Time from RAS 

- 

60 

ns 

9,14 

15 

tCAC 

Access Time from CAS 

- 

20 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

30 

ns- 

9,15 



Nibble Mode Access Time 
CA5 to Output in Low-Z 

Output Buffer Turn-off Delay _ 

Transition Time (Rise and Fall) 


RAS Precharge Time 


r:^ Pulse Width _ 

RA? Hold Time 


CAi Hold Time 


^5 Pulse Width 

RAS to CTaS Delay Time 

RA5 to Column Address Delay Time 


kp 

CAS Precharge Time 

10 

USR 

Row Address Set-Up Time 

0 


Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address to RTkS Lead Time 



tRCS 

Read Command Set-Up Time 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to CAS 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 
to Ms 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

10 

- 

ns 


twp 

Write Command Pulse Width 

10 

- 

ns 


fRWL 

Write Command to ^AS Lead Time 

20 

- 

ns 



Write Command to CAS Lead Time 
Data-In Set-Up Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514101 AP/AJ/ASJ/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

^DH 

Data-In Hold Time 

15 

- 

ns 

12 

tREF 

Refresh Period 


16 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

13 

tcWD 

CAS to WRITE Delay Time 

20 

- 

ns 

13 

tRWD 

RA? to WrTTE Delay Time 

60 

- 

ns 

13 

tAWD 

Column Address to WrTTE Delay Time 

30 

- 

ns 

13 

kSR 

CAS Set-Up Time 
(CAS before RAS ) 

5 

- 

ns 


kHR 

^ Hold Time 
(CAl before Ms ) 

15 

- 

ns 


tRPC 

RAS Precharge to CA5 Active Time 

0 

- 

ns 


tCPT 

CA? Precharge Time (CaS before ftAS 
Counter Test ) 

30 

- 

ns 


twCAS 

Nibble Mode Pulse Width 

20 

- 

ns 


twcp 

Nibble Mode CAS Precharge Time 

10 

- 

ns 


tNRSH 

Nibble Mode RAS Hold Time 

20 

- 

ns 


^NCWO 

Nibble Mode CM to WRITE Delay 

Time 

20 

- 

ns 


tfslRWL 

Nibble Mode WRITE Command to RM- 

Lead Time 

20 

- 

ns 


tlMCWL 

Nibble Mode WRITE Command to CAS 

Lead Time 

20 

- 

ns 


%TS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 

ns 


twTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

ns 


twRP 

WRTTE to RAS Precharge Time 
(CAS before!^ Cycle) 

10 

- 

ns 


twRH 

write to RAS Hold Time 
(CAS before RA3 Cycle) 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°C) (Note6, 7, 8) 


SYMBOL 

PARAMETER 

TC514101 AP/AJ/ASJ/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 


ns 


tRAC 

Access Time from 


65 

ns 

9,14, 

15 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

35 

ns 

9.15 

tRAS 

RA? Pulse Width 

65 

10,000 

ns 


^RSH 

RAS Hold Time 

25 

- 

ns 


^CSH 

tAS Hold Time 

65 

- 

ns 


tCAS 

SS? Pulse Width 

25 

10,000 

ns 


tRAL 

Column Address to RA^Lead Time 

35 

- 

m 



CAPACITANCE (Vrr = 5V ± 10%, f = 1MHz.Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX, 

UNIT 

C,i 

Input Capacitance (A0~A10, Din) 

- 

5 

PF 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 



















TC514101AP/AJ/ASJ/AZ-60 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci» ICC3, ICC4, ICC6 depend on cycle rate. 

4. IcCli ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS=Vil and CAS=Vih* 

6. An initial pause of 200ps is required after power-up followed by 8 RSS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCK oi* Irrh must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. twCS> tRWD> tcwD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs—twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD^ tRWD (min.), tcwD^ tcwD (min.) and tAWD= tAWD (min.) the cycle is a read-write cycle and 
the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

IrCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TIMING WAVEFORMS 
READ CYCLE 
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READ-MODIFY-WRITE CYCLE 
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NIBBLE MODE WRITE CYCLE(EARLY WRITE) 










TC514101AP/AJ/AS J/AZ-60 


NIBBLE MODE READ - MODIFY - WRITE 
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HIDDEN REFRESH CYCLE (WRITE' 






CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



WRITE CYCLE 
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WRITE. gS5 BEFORE RS5 REFRESH CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ 
are multiplexed onto the 11 address inputs and latched into the on-chip address latches by externally applying 
two negative going ITL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 11 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 11 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (t^All) iias been satisfied and the address inputs have been changed from Row address to Column 
address information, 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 
CAS While RAS is active. The later of the signals (WRITE or CTvS) to make its negative transition is the 
strobe for the Data In (Din) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRITE input is brought low (active) prior to CAS, the DlN is strobed by CAS and the set-up and hold 
times are referenced to C AS. If the input data is not available at CAS time or if it is desired that the cycle be a 
read-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. In this 
“delayed write cycle’The data input set-up and hold times are referenced to the negative edge of WRITE rather 
than CAS. (To illustrate this feature. Din is referenced to WRITE in the timing diagrams depicting the read- 
modify-write and nibble mode write cycles while the “early write“cycle diagram shows Din referenced to 

CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TC514101AP/AJ/ASJ/AZ is the high impedance 
(open circuit) state. This is to say, anytime CaS is at a high level, the Dqut pin will be floating. The only 
time the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits The first of 4 bits is accessed in the 
usual manner with read data coming out at tcAC time. By keeping RAS low, CAS can be cycled up and then 
down, to read or write the next three pages at high data rate (faster than tcAC)- Row and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap¬ 
around method). 
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(0.0)-(0.1)-► (1,0)-^ (1,1) 


Address AlO determines the starting point of the circular 4 bits nibble. Row AlO and column AlO provide the 
two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; OO-^Ol—" 10—11 with AlO row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wraparound will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
address (A0~A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CA^ BEFORE MS REFRESH 

CAS before RAS refreshing available on the TC514101AP/AJ/ASJ/AZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operation is performed, the refresh address counter is automatically incremented in preparation 
for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC514101AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vil, and taking RAS high and after a specified precharge period (tup), executing a CAS before 
RAS refresh cycle, (see Figure below) 
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REFRESH CYCLE 
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This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514101AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READAVRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RA$ cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

® Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE Ms REFRESH COUNTER TEST (READ-WRITE CYCLE) . Repeat this operation 1024 
times. 

® Check “1” out of 1024 bits at normal read mode, which was written at (D . 

0 Using the same column as (2), read “1” out and write “0” in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 1024 times. 

® Check “0” out of 1024 bits at normal read mode, which was written at ® . 

(6) Perform the above CD to ® to the complement data. 




TEST MODE 

The TC614101AP/AJ/ASJ/AZ is the RAM organized 4,194,304words by 1 bit, it is internally organized 
624,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. AlOR, AlOC and AOC are not used. If, upon reading, all bits are equal (all ‘T”s or“ 0”s), the data output 
pin indicates a “1”. If any of the bits differed, the data outputpin would indcate shows the block diagram of 
TC514101AP/ASJ/AZ. In“Test Mode”, the 4M DRAM can be tested as if it were a 512K DRAM. 

“WRITE , CAS Before RAS Refresh Cycle” puts the device “Test Mode”. And “CAS Before RAS Refresh 
Cycle” or“ RAS Only Refresh Cycle”puts it back into “Normal Mode’Mn the Test Mode, “WRITE. CAS 
Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address counter. The 
“Test Mode” functiom reduces test times(l/8 in case of N test pattern) 
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4,194,304 WORD X 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. The special feature 
of TC511001AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high 
data rate. 


FEATURES 


• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 




TC514101 AP/AJ/ASJ/AZ 

-70/80/10 

tRAC 

RAS Access Time 

70ns 

80ns 

100ns 

Ua 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CaS Access Time 

20ns 

20ns 

25ns 

tRC 

Cycle Time 

130ns 

150ns 

180ns 

tNCAC 

Nibble Mode 
Access Time 

20ns 

20ns 

25ns 

tNC 

Nibble Mode 

Cycle Time 

40ns 

40ns 

. 45ns 


• Single power supply of 6V±10% 
with a built-in Vbb generator 

PIN NAMES 


AO-AIO 

Address Inputs 

liOTarfdl 

Read/Write Input 



ism 

Power (+ SV) 


Data In 


Ground 

DouT 

Data Out 

N.C. 


mm 

Row Address Strobe 


HZZZn 


PIN CONNECTION (TOP VIEW) 



3.J 

Q 

>13 

.UJ 

'03 


'J2. 

M4 


zss 

Vss 

WRITE 

Ato 

N.C 

A1 

A3 

A4 

A6 

A8 


• Low Power 

550mW MAX. Operating 

(TC514101 AP/AJ/ASJ/AZ - 70) 
468mW MAX. Operating 

(TC514101 AP/AJ/ASJ/AZ - 80) 
413mW IvIAX. Operating 

(TC514101AP/AJ/ASJ/AZ -10) 
5.5mW MAX. Standby 

• Outputs unlatched, at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 

WRITE” operation _ 

• Re^-Modify-Write, CAS before RaS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycle^lGms 

• Package TC514101AP : DIP18-P-300E 

TC514101AJ : SOJ26-P-350 

TC514101ASJ : SOJ26-P.300A 
TC514101AZ : ZIP20-P-400A 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

-1-7 

V 

1 

Output Voltage 

VoUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

•C • sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

*OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70'’C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RaS, CAS. Address Cycling: tRc = tRc MIN. ) 

TC514101AP/AJ/AS J/AZ'70 

- 

100 


B 

TC514101AP/AJ/ASJ/AZ*80 

- 

85 


bh 

75 



■ 

■ 


B 

ICC3 

Ia5 only REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(W Cycling, CA5 *Vih: tRc = tRc MIN. ) 

TC514101 AP/AJ/ASJ/AZ-70 

- 

100 


B 

TC514101 AP/AJ/ASJ/AZ-80 


85 


- 

75 

ICC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(]pk5 = V,L, CS5, Cycling: tNc = tNc MIN. ) 

TC514101 AP//\j/AS J/AZ-70 

- 

70 

mA 

B 

TC514101 AP/AJ/AS J/AZ-80 

- 

86 

TC514101 AP/AJ/AS J/AZ-10 

- 

55 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(^=Ca5=Vcc-0.2V) 

■ 

■ 

mA 

B 

kc6 

BEFORE ^ REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (kAS, CaS Cycling: tRc = tRc MIN. ) 


- 

100 

mA 

3,5 

TC514101AP/AJ/ASJ/AZ-80 

- 

85 

TC514101 AP/AJ/ASJ/AZ-10 

- 

75 

'kd 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 
(OV^ViN^e.SV, All Other Pins Not Under TestaOV) 

-10 

10 

pA 


k(L) 

OUTPUT LEAKAGE CURRENT 
(Dour is disabled, OV:SVout^ 5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output "H* Level Voltage (Iout= ‘-5mA) 

2.4 


V 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut ='^•2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0--70®c)(Notes6, 1 , 8) 




TC514101AP/AJ/ASJ 

/AZ-70 

TC5U101AP/AJ/ASJ 

/AZ-80 

TC514101AP/AJ/ASJ 

/AZ-tO 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Nibble Mode Cycle Time 


Nibble Mode Read-*Modify Write Cycle 
Time 


Access Time from 


Access Time from Ca^ 


Access Time from Column Address 


Nibble Mode Access Time 


L'a^i to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RA$ Precharge Time 


BAS Pulse Width 


BaS Hold Time 


tAS Hold Time 


BaS to CAS Delay Time 


BA§ to Column Address Delay Time 


CaS to BAs Precharge Time 


Ca 5 Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address to BAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time referenced 
to ?!a5 


Re ad C ommand Hold Time referenced 
to RA5 


Write Command Hold Time 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Data-In Set-Up Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514101AP/ 

AJ/ASJ/AZ-70 

TC514101AP/ 

AJ/ASJ/AZ-BO 

TC514101AP/ 

AJ/ASJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tOH 

Data-In Hold Time 

15 


15 


20 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

- 

16 

- 

16 

ms 


^WCS 

Write Command Set-UP Time 

0 

- 

0 


0 

- 

ns 

13 

kwo 

(!a$ to Write Delay Time 

20 

- 

20 

- 

25 

- 

ns 

13 

tRWO 

RAS to write Delay Time 

70 

- 

80 

- 

100 

- 

ns 

13 

tAWO 

Column Address to WRITE Delay Time 

35 

- 

40 

- 

50 

- 

ns 

13 

kSR 

Ea? Set-Up Time 
(Ca 5 before RA5 ) 

5 

- 

5 

- 

5 

- 

ns 


kHR 

CAS Hold Time 
(CaS before RA? ) 

15 

- 

15 


20 

- 

ns 


kpc 

EaE Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 


kPT 

Ca 5 Precharge Time (Ea 5 before RaS 
Counter Test ) 

40 


40 

- . 

50 

- 

ns 


^NCAS 

Nibble Mode Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


tNCP 1 

Nibble Mode c!a 5 Precharge Time 


- 

10 

- 

B 

- 

Bw 


tNRSH 

Nibble Mode ftAS Hold Time 


1 

B 

- 

B 

- 

m 

B 

kCWD 

Nibble Mode Ea? to WRITE Delay 

Time 

20 

- 



25 

- 

ns 

■ 

tNRWL 

Nibble Mode WRITE Command to RAS 

Lead Time 

20 

- 

20 

- 

25 

- 

ns 


kcwL 

Nibble Mode WRITE Command to CAi 

Lead Time 

20 

m 

20 

- 

25 

- 

ns 


tyvTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

m 

10 

- 

10 

B 

ns 


twTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

10 

- 

10 

- 

ns 


twRP 

Write to ^A? Precharge Time 
before ftAS Cycle) 

10 

- 

10 

i 

10 

- 

ns 


Wrh 

WRITE to RA^ Hold Time 
(Ca 5 before rA 5 Cycle) 

10 

- 

10 

- 

10 

B 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V + 10%, Ta = 0~70°C) (NoteS, 7, 8) 


SYMBOL 

PARAMETER 

TC514101AP/ 

AJ/ASJ/AZ-70 

TC514101AP/ 

AJ/ASJ/A2-80 

TC514101AP/ 

AJ/ASJ/AZ-10 



MIN. 

MAX. 

MIN. 

MAX. 

. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

mm 

- 

wm 


■a 

- 

m 


tRMW 

Read-Modi fy-Write Cycle Time 

wm 

- 

m^ii 

- 

BB 

- 

m 


tRAC 

Access Time from RA5 

- 

75 

- 

85 

- 

105 

El 

QQQI 

^CAC 

Access Time from Ca5 

- 

25 

- 

25 

- 

30 

la 

9,14 

tAA 

Access Time from Column Address 

■ - 

40 

- 

45 

- 

55 

m 


tRAS 

ICS5 Pulse Width 

mm 

10,000 

IB 

10,000 

■BM 

10,000 

El 


tRSH 

RAS Hold Time 

mm 

- 

mm 

- 

El 

- 

la 


kSH 

Ca 5 Hold Time 

mm 

- 

Kai 

- 

■Ha 

- 

El 


^CAS 

CAS Pulse Width 1 

jmm 

10,000 

Ei 

10,000 

El 

10,000 

la 


^RAL 

Column Address to RAS Lead Time 

wm 

- 

■a 

- 

Ei 

- 

IB 


^CWD 

CAS to WRIT^ delay Time 

mm 

- 

Ei 

- 

la 


El 


tRWD 

ftASto write Delay Time 

mm 

- 

85 

- 

lai 

1 

m 


tAWO 

Column Address to WriYE Delay Time 

:bi 

- 

mm 

- 

mm 

- 

ra 



CAPACITANCE Nrr = 5V ± 10%■ f = 1MHz, Ta = O-TO'C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (AO—A10, Din) 

- 

5 

PF 

Cl2 

Input Capacitance (RA§, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

1 

7 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Iccii ICC3, IcC4» IcC6 depend on cycle rate. 

4. IcCli ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While ltA§=ViL and C!jAS=Vni. 

6. An initial pause of 200p5 is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CaS before RaS refresh cycles instead of 8 RaS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Yil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vu-i and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open* circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. twcs» tRWD, tcwD, tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD=tRWD(min.), tcWD^ tcWD (min.), tAWD^ tAWD (min.) and tcpWD^tcPWD (min.) (Fast Page 
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC* 

15. Operation within the Irad (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If Irad is greater than the specified tRAD(max.) 
limit, then access time is controlled by tAA- 
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TIMING WAVEFORMS 
READ CYCLE 
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WRITE CYCLE (EARLY WRITE) 


tRC 


I. 


.1 
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READ-MODIFYAVRITE CYCLE 


I. 


Irmw 


.1 
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NIBBLE MODE WRITE CYCLE(EARLY WRITE: 
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NIBBLE MODE READ - MODIFY - WRITE 
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5a5 only refresh cycle 
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CM BEFORE REFRESH CYCLE 


^RC 
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HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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'WRITE. gAg BEFORE M5 REFRESH CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ 
are multiplexed onto the 11 address inputs and latched into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 11 row address bits into the chip. The second 
clock, the Column Address Strobe (CA$), subsequently latches the 11 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the llAS clock chain. The “gated 
CAS” feature allows the CaS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAll) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 
CAS While RAS is active. The later of the signals (WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Din) register. This permits several options in the write cycle timing. In a write cycle, 
if the Write input is brought low (active) prior to CAS, the DiN is strobed by CAS and the set-up and hold 
times are referenced to CAS. If the input data is not available at CAS time or if it is desired that the cycle be a 
read-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. In this 
“delayed write cycle’’the data input set-up and hold times are referenced to the negative edge of WRITE rather 
than CaS. (To illustrate this feature, Din is referenced to WRITE in the timing diagrams depicting the read- 
modify-write and nibble mode write cycles while the “early write”cycle diagram shows Din referenced to 

UAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The nonnal condition of the Data Output (Dqut) of the TC514101AP/AJ/ASJ/AZ is the high impedance 
(open circuit) state. This is to say, anytime CAS is at a high level, the Dqut pin will be floating. The only 
time the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Dqut 
will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits The first of 4 bits is accessed in the 
usual manner with read data coming out at tCAC time. By keeping RAS low, CAS can be cycled up and then 
down, to read or write the next three pages at high data rate (faster than tcAC)- Row and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap¬ 
around method). 
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—*-( 0 . 0 )-*-( 0 . 1 )-*-( 1 . 0 )-*-( 1 . 1 )-- 

Address AlO determines the starting point of the circular 4 bits nibble. Row AlO and column AlO provide the 
two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00—01—"10—*11 with AlO row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wraparound will continue for as long as RA§ is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
address (AO-^AO) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

O^BEFORE^REFRESH 

CaS before RAS refreshing available on the TC614101AP/AJ/ASJ/AZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) before RaS goes to low' on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operation is performed, the refresh address counter is automatically incremented in preparation 
for the next UAS before RaS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC514101AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CaS at Vil and taking RaS high and after a specified precharge period (tRp), executing a CAS before 
RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

^ REFRESH CYCLE 





RAS ^ 

N 


s r~ 





CAS 

\ 

r 







\ 

Dout OP 


n 


1 




This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514101AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READAVRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles fis initialization cycles. The test 
procedure is as follows. 

(D Write “0” into all the memory cells at normal write mode. 

(D Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE Has refresh COUNTER TEST (READ-WRITE CYCLE) . Repeat this operation 1024 
times. 

(D Check “1” out of 1024 bits at normal read mode, which was written at (D . 

<D Using the same column as read “1” out and write “0” in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 1024 times. 

(D Check “0” out of 1024 bits at normal read mode, which was written at 0 . 

(D Perform the above (3) to (D to the complement data. 
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TEST MODE 

The TC514101AP/AJ/ASJ/AZ is the RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. AlOR, AlOC and AOC are not used. If, upon reading, all bits are equal (all “l”s or” 0”s), the data output 
pin indicates a “1”. If any of the bits differed, the data outputpin would indcate shows the block diagram of 
TC614101AP/ASJ/AZ, In'TestMode”, the 4M DRAM can be tested as if it were a 512K DRAM. 

“WRITE , CaS Before RAS Refresh Cycle” puts the device ‘Test Mode”. And “CAS Before RAS Refresh 
Cycle" or” RA$ Only Refresh Cycle”puts it back into “Normal Mode”.In the Test Mode, “WRITE. CAS 
Before RaS Refresh Cycle” performs the refresh operation with the internal refresh address counter. The 
‘Test Mode” functiom reduces test timesCl/S in case of N test pattern) 
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BLOCK DIAGRAM IN THE TEST MODE 





































NOTES 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 
DESCRIPTION 


* This is advanced information and specifications 
are subject to change without notice. 


The TC514102J/Z is the new generation dynamic organized 4,194,304 words by 1 
bit. The TC514102J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514i02J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 



TC514102J/Z-80/-10 

tRAC RAS Access Time 

80ns 

100ns 

^ Column Address 

^ Access Time 

40ns 

50ns 

^CAC ^ Access Time 

20ns 

25ns 

tRC Cycle Time 

150ns 

180ns 

^ „ Static Column 
Mode Cycle Time 

45ns 

55ns 


Single pox>7er supply of 5V±10% with 
built-in Vgg generator 


PIN CONNECTION (TOP VIEIO 
Plastic SOJ 



26 ]Vss 
25 3DOUT 
24 3C5 
23 3N.C. 
22 3A9 


3A8 
3A7 
3A6 
3A5 
] A4 


Plastic 
A9 

doutI 
Din| 
raS 

N.C. 

AO 
A2 

vcc 

A5 
A7 


ZIP 


1] 

[2 

CS 

Aj 
*5 1 

[4 

Vss 

l] 

[5 

CK 

WRITE 

AlO 

n] 

m 

[f2 

N.C. 

Al 

.14] 

5? 

A3 

m 

DS 

02 

m 

A4 

A6 

A8 


PIN NAMES 


AO -v AlO 

Address Inputs 

Ms 

Row Address Strobe 

Din 

Data In 

dout 

Data Out 


Chip Select Input 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


Low power 

550mW Operating (TC514102J/Z-80) 

468mW Operating (TC514102J/Z-10) 

5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip* selection 
Common I/O capability using "EARLY WRITE" 

operation _ __ 

Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh. Hidden refresh, Static 
Column Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514102J 
Plastic ZIP: TC514102Z 


BLOCK DIAGRAf'l 


WRITE O 
CS O- 


:0- 


No.2 CLOCK 
CaiNERATOR 


AO < 
Al C 
A2 < 
A3 ( 
A4 ( 
AS < 
A6 < 
A7< 
A8 < 
A9 ( 
AlO < 


11 


COLUMN 
ADDRESS 
BUFFERS (11) 


REFRESH 

CONTROLLER 


DATA IN 
BUFFER 


>din 


DATA OUT 
BUFFER 


REFRESH 

COUNTER(IO) 




, ,,ROW 
VtN ADDRESS 
“^BUFFERS (11) 


1a5< 


Jl 




COLUMN 

DECODER 


SENSE AMP. 
I/O GATE 


10 


No.I CLOCK 
GENERATOR 


• 4096- 



—- 

■■■■■■■■ 

ca 

U3 

H 

MEMORY 

Q 



g8 

array 


HI 


mmm 




DOUT 


SUBSTRATE BIAS 
GENERATOR_ 


»Vcc 
’ vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE 

Input Voltage 

ViN 


V 

1 

Output Voltage 


-I'u 7 

V 

1 

Power Supply Voltage 

^CC 

“1^7 

V 

1 

Operating Temperature 

ToPR 

0 70 

•^c 

1 

Storage Temperature 

TsTG 

-55''^150 

®C 

1 

Soldering Temperature • Time 

TsOLDER 

260 * 10 


1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'>. yo'C) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 


5.0 

5.5 

V 

2 

ViH 

Input High Voltage 

warn 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1,0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0'^-70°C) 


SYMBOL 

PARAMETER' | 

BB3I 


UNITS 


Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, Address Cycling: t^c^tRQ MIN.) 

TC514102J/Z-80 

- 

100 

mA 

3.4,5 

TC514102J/1Z-10 

- 

85 

ICC2 

STANDBY CURRENT 

Pox^er Supply Standby Current 

(RAS^^^'Vih) 

- 

2 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(R^ Cycling, CS=Vih: tRc=tRc MIN.) 

TC514102J/2:-80 

- 

100 

mA 

3,5 

TC514102J/<Z-10 


85 

^CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=^=Vil, . Address Cycling: tgc^tgc MIN.) 

TC514102J/Z-80 

- 

75 

mA 

■ 

TC514102J/Z-10 

- 

65 

’^CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=^-Vcc-0.2V) 

- 

■ 

mA 

■ 

ICC6 

CS BEFORE RAS REFRESH CURRENT_ _ 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: tRQ*=tRQ MIN.) 

TC514102J/Z-80 

- 

100 

mA 

3 

TC514102J/Z-10 

- 

85 

Il(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV 5 Vjjj 5 6.5V, All Other 
Pins Not Under Test=0V) 

-10 

10 

pA 

■ 

Il(L) 

OUTPUT LEAKAGE CURRENT 

(Dqux is disabled, OV< Vqut2 5.5V) 

-10 

10 

i 

PA 

■ 

VOH 

OUTPUT LEVEL 

Output "H” Level Voltage (IouT*~5mA) 

m 

■ 

V 

■ 

VqL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut”^* 2mA) 

- 

0.4 

m 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc=5V±10%, Ta=0''-70°C)(Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

150 

- 

180 ■ 

- * 

ns 


tpMW 

Read-Modify-Write Cycle Time 

175 

- 

210 

- 

ns 


tsc 

Static Column Mode Cycle Time 

45 

- 

55 

- 

ns 


tSRMW 

Static Column Mode Read-Modify-Write 

Cycle Time 

80 

- 

100 

- 

ns 


^RAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

9,14.15 

Tcac 

Access Time from CS 

- 

20 

- 

25 

ns 

9,14 

'^AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

9,15 

■^ALW 

Access Time from Last Write 

- 

75 

- 

95 

ns 

9,16 

"^CLZ 

^ to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

•^OFF 

Output Buffer Turn-off Delay 

0 

20 ' 

0 

20 

ns 

10 

^AOH 

Output Data Hold Time from Column • 
Address 

5 

- 

5 

- 

ns 


^OW 

Output Data Enable Time from TOITE 

- 

25 

- 

30 

ns 



Output Data Hold Time from WRITE 

0 

- 

0 

- 

ns 


ti 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 


RAS Precharge Time 

60 

- 

70 

- 

ns 


^RAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


’^RASC 

RAS Pulse Width (Static Column Mode) 

80 

200,000 

100 

200,000 

ns 


^RSH 

Ms Hold Time 

20 

- 

25 

- 

ns 


'^CSH 

CS Hold Time 

80 

- 

100 

- 

ns 


tcs 

^ Pulse Width 

20 

10,000 

25 

10,000 

ns 


*^CSC 

CS Pulse Width (Static Column Mode) 

20 

200,000 

25 

200,000 

ns 


'^RCD 

Ms to ^ Delay Time 

20 

60 

25 

75 

ns 

14 

tRAD 

Ms to Column Address Delay Time 

15 

40 

20 

50 

ns 

:i5 

tCRP 

C^ to RAS Precharge Time 

5 

- 

10 

- 

ns 


nr 

o 

CS Precharge Time 

10 

- 

10 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


•^RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


•^ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


'^CAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


I^AWR 

Write Address Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


^AR 

Column Address Hold Time referenced to 
RAS 

90 

- 

115 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRAL 

Column Address to RAS Lead Time 

40 

- 

50 

- 

ns 



Read Command Set-Up Time 

0 

- 

0 

- 

ns 



Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

11 

^WCH 

Write Command Hold Time 


- 

20 

- 

ns 


^WCR 

Write Command Hold Time referenced to 

RAS 

60 

- 

75 

B 

ns 

■ 


Write Command Pulse Width 

15 

- 

20 


ns 


^WI 

Write Command Inactive Time 

10 

- 

10 

- 

ns 


^AH 

Column Address Hold Time referenced to 
RAS Rise 

5 

- 

10 

- 

ns 

17 

^LWAD 

Last Write to Column Address Delay Time 

20 

35 

25 

45 

ns 

16 

•^AHLW 

Last Write to Column Address Hold Time 


- 

95 

- 

ns 



Write Command to RAS Lead Time 


- 

25 

- 

ns 



Write Command to CS” Lead Time 


- 

25 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

tDH 

Data Hold Time 

15 

- 

20 

- 

ns 

12 

’^DHR 

Data Hold Time referenced to RA§ 

60 

- 

75 

- 

ns 


■^REF 

Refresh Period 

- 

16 

- 

16 

ras 


•^wcs 

Write Command Set-Up Time 

■El 

- 

0 

- 

ns 

13 


CS to WRITfi Delay Time 

■■ 

- 

25 

r 

ns 

13 

^RWD 

RAS to WRITE Delay Time 

80 

- 

100 


ns 

13 


Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

13 

^CSR 

^ Set-Up Time (CS before RAS Cycle) 

5 

- 

5 

- 

ns 



CS Hold Time (CS before RAS Cycle) 

15 

- 

20 

- 

ns 


BSli 

RAS to CS Precharge Time 

0 

- 

0 

- 

ns 


Qim 

^ Precharge Time 

(^ before RAS Counter Test Cycle) 

40 

B 

50 

- 

ns 

■ 

gQII 

Write Command Set-Up Time (Test Mode In) 

10 


10 

- 

ns 


'^WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


tWRP 

WRITE to ^S Precharge Time 
(C^ before RAS Cycle) 


|H 

10 

- 

ns 

■ 

‘^WRH 

WRITE to RAS Hold Time 
(CJ before Cycle) 

10 

- 

10 

B 

ns 

■ 
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TC514102J/Z-80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Vcc=5V±10%, Ta=0-70'’C) ( Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. , 

, MIN. 

MAX. 

CRC 

Random Read or Write Cycle Time 


- 


- 

ns 


tsc 

Static Column Mode Cycle Time 

50 

- 

60 

- 



^RAC 

Access Time from RAS 

- 

85 

- 

105 



•^CAC 

Access Time from ^ 

- 

25 

- 

30 

ns 

9,14 

^AA 

Access Time from Column Address 


45 

- 

55 


9,15 

^RAS 

RAS Pulse Width 

85 



10,000 

ns 


^RASC 

RAS Pulse Width (Static Column Mode)'' 

85 

200,000 



ns 


tRSH 

RAS Hold Time 


- 

30 

- 

ns 


^CSH 

^ Hold Time 

85 

- 


- 

ns 


^CS 

^ Pulse Width 

25 

10,000 

30 

10,000 

ns 


*^csc 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

^11 

Input Capacitance (AO^AIO, Djj^) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqu-ji) 

- 

7 

pF 
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TC514102J/Z-10 


NOTES: 

1, Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3* ICC1» ICC3» ^CC4» ICC6 depend on cycle rate. 

^CC1> ^CCA depend on output loading. Specified values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS=Vil• 

6. An initial pause of 200ps is required after power-up followed by any 8 RAS only 
refresh cycles before proper device operation is achieved. 

In case of using internal re fres h counter, a minimum of 8 CS before RAS 
refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. V]-||(min.) and Vj^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and Vj^^. 

9. Measured x^ith a load equivalent to 2 TTL loads and lOOpF. 

10. toFpC^^^*) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

11. Either tRc|:j or tj^jj must be satisfied for a read cycle. 

12. Th ese par ameters are referenced to CS leading edge in fearly write cycles and 
to WRITE leading edge in read-modify-write-cycles. 

13. tWCS» tc\TO and t^T^ are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If tycs^^ycs 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) throughout the entire cycles; If tRwx) ^ tRvrD(®ia.), 

tc\^ ~ ^AWD = cycle is a read-modify-write cycle and 

the data out will contain data read from the selected cell; If neither of 
the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

14. Operation within the tRCD(inax.) limit insures that met. 

tRCD(max.) is specified as a reference point only; If tR^j) is greater than the 
specified tRQ|)(max.) limit, then access time is controlled by t^^Q. 

15. Operation within the tRAD(max.) limit insures that tRAcC^ax.) can be met. 
tRAD(nia>^0 is specified as a reference point only; If tRAD is greater than the 
specified tRAD(max.) limit, then access time is controlled exclusively by tAA* 

16. Operation within the tLWAD(^^^*) limit insures that can be met. 

^LWAD^^^^*^ is specified as a reference point only; If tLWAD is greater than the 
specified tLyAD^"'^^’) limit, then access time is controlled exclusively by tAA* 

17. tAH is the condition to latch column address when RAS has rised up. 
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TIMING WAVEFORMS 
READ CYCLE 
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READ-MODirY-WRITE CYCLE 
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RAS ONLY REFRESH CYCLE 



Vqh 

Dqut - OPEN 

Vql - 


Y//X \ ”H" or 

NOTE: WRlfE="H" or ”L*’, A10=''H'* or *'L” 
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STATIC COLUMN MODE READ-MODIFY-I^fRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


CS 

READ CYCLE 

A0~A10 


Dqut 


ViH 

ViL 

ViH 

ViL 






VIH -/^ 
ViL 


VOH 

VOL 


tRAS 


tCPT 


^CTIR 




W////////////////////MM 


tVVRP 


^■RITE 

\^JRITE CYCLE 

AO-AIO 


ViH —Z 
ViL 




^RSH 


if 


tcs_ 




^RP 


^CRP 




COLUMN ADDRESS 


^WRH tRCS 


tASC, 


JjAL 


Jaa 


^CAC 




VALID DATA ^ 


'CAHi 


^AH 


^OFF 


iBQfcL 


^RRH 




ViL 




Lout 

WRITE 

Lin 

READ-MODIFY-WRITE CYCLE 

V TU -7 

AO-AIO 


Lout 


WRITE 



UVRP , 
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imiTE CYCLE (EARLY WRITE) IN THE TEST MODE 
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STATIC 


RAS 


A0~A10 


CS 


WRITE 


I^OUT 


COLUMN MODE READ CYCLE IN THE TEST MODE 


ViH — 
ViL — 

ViH — 
ViL — 


ViH - 

ViL - 



Vqh — 
Yql — 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC514102J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. AlOR, AlOC and AOC'are not used. If, upon 
reading, all bits are equal (all "l"s or "0"s), the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514102J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 512K DRAM, 

"WRITE, ^ Before RA^ Refresh Cycle" puts the device into "Test Mode". And "CS 
Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode". 
In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs the refresh operation 
with the internal refresh address counter. The "Test Mode" function reduces test 
times (1/8 in case of N test pattern). 
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Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 


This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC514102AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514102AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC514102AP/AJ/ASJ/AZ - 60 

tRAC RAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

kAC CS Access Time 

20ns 

tRc Cycle Time 

110ns 

tsc Sialic Column 
Mode Cycle Time 

35ns 


• Single power supply of 5V±10% 
with a built-in Vnp generator 

PIN NAMES 


--T 

o 

i 

> 

o 

Address Inputs 

WRITE 

Read/Write Input 

RAS 

Row Address Strobe 

Vcc 

Power (+ 5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C. 

No Connection 

cs 

Chip Select Input 




PIN CONNECTION (TOP VIEW) 


OinC 

WSTTEC. 

Ra5[ 

A10[ - 
A0[; 


A2g 

A3q; 

Vcc 


DugU 

17]Dout WRiTEQ 


d9 


16]C? 

15]A9 

14]A8 

13]A7 


A6 

lpA5 


RASD 

N.c.r 

AlOl 

A0[ 

Alt 

A2[ 

A3C 

Vcct 


26 ]Vss 
24 

23 iN.C. 
22 ]a9 

18 ]a 8 
17 ]a 7 
16 JA6 
15 ]a 5 
14 ]a 4 


A9 

Dqut 

D|N 

RA5| 

N.C. 

AO 


• Low Power 

660mW MAX. Operating 

(TC514102AP/AJ/ASJ/AZ - 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capabiliW 

• Read -Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh. Static 
Column Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycles/16ms 

• Package TC514102AP : DIP18-P-300E 

TC514102AJ : SOJ26-P-350 

TC514102ASJ : SOJ26-P-300A 
TC514102AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


Write 

cs 


::;k> 


N0.2 CLOCK 
GENERATOR 


DATA IN 
BUFFER 


AO O-*- 
A1 O*- 
A2 


,i_] 

[2~~ 


A3 <>► 

A4 0-*- 


iJ 

[4”' 

Vss 

A5 0-*- 


5_ J 

[€. 

write 

A6 O*- 


7_ J 

[bT 

AlO 

A7 CM- 



[iF 

N.C. 

A8 CM- 


-UJ 

ox 

A1 

A9 CM- 


j}] 

0 ?. 

OK 

A3 

A4 

AlO CM- 

- 

j}j 

'JA 

OK 

A6 

AS 

Ra 5 


COLUMN 
ADDRESS 
BUFFERS (11) 


REFRESH 

CONTROLLER 


DATA OUT 
BUFFER 


REFRESH 
COUNTER (10) 


I 


ROW 
ADDRESS 
BUFFERS (11) 


NO.I CLOCK 
GENERATOR 


a 


»i=Ch 


COLUMN 

DECODER 




l§ 


MEMORY 

ARRAY 




-O Dqut 


SENSE AMP. 
I/O GATING 




SUBSTRATE BIAS 
GENERATOR 


. Vcc 
• Vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

- 1-7 

V 

1 

Output Voltage 


_ 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

“C 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsoider 

260-10 

X • sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

— 1 

VtH 

Input High Voltage 

2.4 

- 

6.5 

V 

BB 

V|L 

input Low Voltage 

-1.0 

- 

0.8 

' V 

2 


A-232 







































TC514102AP/AJ/ASJ/AZ-60 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V+10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, Address Cycling: tRc = tRc MIN.) 

TC514102 AP/AJ/AS J/AZ-60 

- 

120 

mA 

3,4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(ra5=S=Vi„) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling. « = V|h: tRc = tRc MIN.) 

TC514102AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3.5 

•CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (RASs^sVlL, Address Cycling: t5C = tSC 
MIN.) 

TC514102 AP/AJ/AS J/AZ-60 

- 

85 

mA 

3.4 

5 

icC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^=«=:Vcc~0.2V) 


1 

mA 


•CC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, S Before RA5 

Mode (RAS, CS Cycling: tRc = tRc MIN.) 

TC514102 AP/AJ/ASJ/AZ-60 

- 

120 

-.1 

mA 

3.5 

•l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V:SV|hS 6.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV^VouT^ + 5.5V) 

-10 

10 

pA 


Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4-2mA) 

- 

0.4 

V 
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TC514102AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70°c)(Notes6, 7, 8) 


SYMBOL 

PARAMETER 

TCS 14102AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

110 

- 

El 



Read-Modify-Write Cycle Time 

135 

- 

m 


mm 

Static Column Mode Cycle Time 

35 

- 

m 


tSRMW 

Static Column Mode Read-Modify- 
Write Cycle Time 

60 

- 

ns 


^RAC 

Access Time from RAS 

-* 

60 

ns 

9, 14 

15 

tCAC 

Access Time from ^ 

- 

20 

rai 


^AA 

Access Time from Column Address ' 

- 

30 

m 


tALW 

Access Time from Last Write 

- 

55 

m 

B3 

tCLZ 

CS to Output in Low-Z 

0 

- 

ns 

9 

tOFF 

Output Buffer Turn-Off Delay 

0 

20 

ns 

10 

tAOH 

Output Data Hold Time from Column 
Address 

5 

- 

ns 


tow 

Output Data Enable Time from WRITE 

- 

20 

ns 


twOH 

Output Data Hold Time from WRITE 

0 

- 

ns 


tT 

Transition Time (Rise and Fall) 

3 

50 

m 

8 

tRP 

RAS Precharge Time 

40 

- 

m 


tRAS 

^ Pulse Width 

60 

10,000 

ns 


tRASC 

RAS Pulse Width (Static Column Mode) 

60 

200,000 

ns 


tRSH 

to RAS Hold Time 

20 

- 

ns 




60 

- 

■1 


tcs 

S Pulse Width 

20 

10,000 

ns 




20 


m 



RA§ to ^ Delay Time 

20 

40 

ns 

14 

ESSIIIIII 

ftAS to Column Address Delay Time 

15 

30 

m 


tCRP 

to RAS Precharge Time 

5 

- 

11 


tcp 

3 Precharge Time 
(Static Column Mode) 

10 

- 

ns 




0 

- 

ns 


tRAH 


10 

- 

IB 

■ 

tASC 


0 

- 

ra 


tCAH 


15 

- 

■■ 
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TC514102AP/AJ/ASJ/A2-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514102 AP/AJ/AS J/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

tAR 

Column Address Hold Time referenced 
to R^ (READ CYCLE) 

70 

- 

ns 


tRAL 

Column Address to RA§ Lead Time 

30 

- 

ns 


tAH 

Column Address Hold Time referenced 

to Ms Rise 

5 

- 

ns 

17 

tcWL 

Write Command to O Lead Time 

20 

- 

ns 


tLWAD 

Last Write to Column Address Delay 

Time 

20 

25 

ns 

16 

Uhlw 

Last Write to Column Address Hold 

Time 

55 

- 

ns 


tRCS 

Read Command Set-up Time 

referenced to 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

ns 

11 

%CH 

Write Command Hold Time 

10 

- 

ns 

13 

twp 

Write Command Pulse Width 

10 

- 

ns 


twi 

Write Command Inactive Time j 

10 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


^DS 

Data-In Set-Up Time 

0 

- 

ns 

12 

toH 

Data-In Hold Time 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

13 

tCWD 

CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

20 

- 

ns 

13 

tRWD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

60 

- 

ns 

13 

tAWD 

Column Address to WRITE Delay Time 

30 

- 

ns 

13 

tcSR 

Set-Up Time (^ before MS) 

5 

- 

ns 


kHR 

^ Hold Time (CS before RAS) 

15 

- 

ns 


tRPC 

RAS Precharge to ^ Active Time 

0 

- 

ns 


tCPT 

3 Precharge Time 

(CS before RAS Counter Test) ' 

30 

- 

ns 
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TC514102AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514102AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MINI. 

MAX. 

twTS 

Write Command Set-Up Time 

10 

- 

ns 


tWTH 

Write Command Hold Time 

10 

- 

ns 


tyvRP 

WRitI to R^ Precharge Time 

10 

- 

ns 


tWRH 

to lA? Hold Time ! 

10 

- 

ns 
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TC514102AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°C) (Note6, 7, 8) 


SYMBOL 

PARAMETER 

TCS 14102 AP/AJ/AS J/AZ-60 



MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 

- 

la 


tsc 

Static Column Mode Cycle Time 

40 

- 

■a 


tRAC 

Access Time from RA? 

- 

65 



tCAC 

Access Time from 3 

- 

25 

m 


tAA 

Access Time from Column Address 

- 

35 

la 

9,15 

^RAS 

^ Pulse Width 

65 

10,000 

m 


tRASC 

RAS Pulse Width (Static Column Mode) 

75 

20,000 

la 


tRSH 

KaS Hold Time 

25 

- 

0 


kSH 

^ Hold Time 

65 

- 

0 


tcs 

CS Pulse Width 

25 

10,000 

0 


tcsc 

C§ Pulse Width (Static Column Mode) 

25 

20,000 

0 


tRAL 

Column Address to RAS Lead Time 

35 

- 

Jl_j 



CAPACITANCE (Vcc = 5V ± 10%, f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cii 

Input Capacitance (AO-AIO, D|n) 

- 


PF 

C|2 

Input Capacitance (RAS. WRITE) 

- 


PF 

Co 

Output Capacitance (Dqut) 

- 


pF 
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TC514102AP/AJ/ASJ/AZ-60 


NOTES: 


1 . 

2 . 

3. 

4. 
6 . 
6 . 


7. 

8 . . 


10 . 


11 . 


12 . 

13. 


14. 


15. 


16. 


17. 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

All voltages are referenced to Vss« 

ICC1» ICC3» ICC4, ICC6 depend on cycle rate. 

ICC1> ICC4 depend on output loading. Specified values are obtained with the output open. 

Column address can be changed once or less While RAS=Vil. 

An initial pause of 200ps is required after power-up followed by any 8 RAS only refresh cycles 
before proper device operation is achieved. In case of using internal refresh counter, a minimum 
of 8 C5 Before RAS refresh cycles instead of 8 RAS only refreh cycles are required. 

AC measurements assume tT = 5ns. 

ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil* 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to C5 leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

twcs> tRWD» tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twCS= twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD^tRWD(min.), tcWD= tcwD (min.), and tAWD^ tAWD (min.), the cycle is a read-write cycle and 
the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

Operation within the tRCD (min.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA* 

Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. 

tLWAD(max.) is specified as a reference point only: If tLWAD is greater than the specified 
tLWAD(niax.) limit, then access time is controlled exclusively by tAA* 

tAH is the condition to latch column address when RAS has rised up. 
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TIMING WAVEFORMS 



WRITE CYCLE (EARLY WRITE 


TC514102AP/AJ/ASJ/AZ-60 



















TC514102AP/AJ/ASJ/AZ-60 


READ-MODIFY-WRITE CYCLE 


tRMW 


J 




















TC514102AP/AJ/ASJ/AZ-60 









TC514102AP/AJ/ASJ/AZ-60 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE! 











TC514102AP/AJ/ASJ/AZ-60 




















TC514102AP/AJ/ASJ/AZ-60 

ONLY REFRESH CYCLE 


.I 












TC514102AP/AJ/ASJ/AZ-60 


HIDDEN REFRESH CYCLE (READ) 
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TC514102AP/AJ/ASJ/AZ-60 
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TC514102AP/AJ/ASJ/AZ-60 
























TC514102AP/AJ/ASJ/AZ-60 


TEST MODE 

The TC514102AP/AJ/ASJ/AZ is The RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. AlOR, AlOC and AOC are not used. If, upon reading, all bits are equal (all “l”s or“ 0”s), the data output 
pin indicates a “l”shows the block diagram of TC514102AP/AJ/ASJ/AZ. In“Test Mode”, the 4M DRAM can be 
tested as if it were a 512KDRAM. 

“WRITE , CS Before RAS Refresh Cycle” puts the device “Test Mode”. And ”C5 Before RAS Refresh Cycle 
“or” RAS Only Refresh Cycle”puts it back into “Normal Mode’Mn the Test Mode, “WRITE. CS Before RAS 
Refresh Cycle” performs the refresh operation with the internal refresh address counter. The ‘Test Mode” 
functiom reduces test times(l/8 in case of N test pattern). 
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TC514102AP/AJ/ASJ/AZ-60 


BLOCK DIAGRAM IN THE TEST MODE 


A10R,A10C,A0C ] 



Fig. 1 


A-250 

















4,194,304 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514102AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514102AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky T^L. 


FEATURES 


• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC514102AP/AJ/ASJ/AZ - 70/ - 80/ - 10 | 

tRAC Access Time 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

SSns 

40ns 

50ns 

tcAC ^ Access Time 

20ns 

20ns 

25ns 

tRc Cycle Time 

130ns 

150ns 

180ns 

tsc Static Column 
Mode Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V ± 10% 
with a built-in Vbb generator 

PIN NAMES 


A0~A10 

Address Inputs 

write 

Read/Write Input 


Row Address Strobe 

Vcc 

Power (+ 5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C. 

No Connection 


Chip Select Input 




• Low Power 

550mW MAX. Operating 

(TC514102AP/AJ/ASJ/AZ - 70) 
468mW MAX. Operating 

(TC514102AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC514102AP/AJ/ASJ/AZ -10) 
5.5m\V MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability 

• Read -Modify-Write, CS before tlAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycles/1 Sms 

• Package TC514102AP ; DIP18-P-300E 

TC514102AJ : SOJ26-P-350 

TC514102ASJ : SOJ26-P-300A 
TC514102AZ : ZIP20-P.400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 





c? 

v$$ 

WrflTE 

A10 

N.C 

A1 

A3 

A4 

A6 

A8 


WRITE 
ZS o 


AO O-*- 
A1 

A2 O*- 
A3 
A4 
AS 

A6 O-^ 
A7 CH^ 
A8 O*- 
A9 O-*^ 
AlO 0-«- 


N0.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (It) 


I 


ROW 
ADDRESS 
BUFFERS (11) 


N0.1 CLOCK 
GENERATOR 


REFRESH 

CONTROLLER 


REFRESH 
COUNTER (10) 


a 




-1^ 


DATA IN 
BUFFER 


Uo Din 


DATA OUT 
BUFFER 


|*-0 OouT 


COLUMN 

DECODER 


SENSE AMR. 
I/O GATING 


3 


MEMORY 

ARRAY 


r 


SUBSTRATE BIAS 
GENERATOR 


» Vcc 

* Vss 


A-251 








TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-60 
TC514102AP/AJ/ASJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

-1-7 

V 

1 

Output Voltage 

VouT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr I 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260*10 

•C'sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = O-TO'C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TG514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-^0 

TC514102AP/AJ/ASJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, Ta = 0~70‘'c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, Address Cycling: tRc=:tRc MIN.) 

TCS14102 AP/AJ/AS J/AZ-70 


100 

mA 

3,4 

5 


- 

85 

TCS 1 4102 AP/AJ/AS J/AZ- \ 0 


75 

kC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RS5 =S=Vih) 

■ 

2 

mA 

■ 

ICC3 

^ ONLY REFRESH CURRENT 

Average Power Supply Current, ftAS Only Mode 
(RA? Cycling, ^ = V|h: tRc = tRc MIN.) 

TCS 14102 AP/AJ/AS J/AZ-70 

- 



B 

TCS 14102 AP/AJ/AS J/AZ'80 

- 

85 

TCSl 4102 AP/AJ/AS J/AZ-10 

- 


ICC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (^=:t5 = VIL, Address Cycling: tSC = tSC 
MIN.) 

TCS 14102 AP/AJ/AS J/AZ-70 

- 

75 


H 

TCS 14102 AP/AJ/AS J/AZ-80 

- 


TCS 14102 AP/AJ/AS J/AZ-10 

- 


'CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5s:t5=Vcc-0.2V) 

■ 

1 

mA 

B 

ICC6 

t? BEFORE WS REFRESH CURRENT 

Average Power Supply Current, Before ftAS 

Mode(^, IS Cycling: tRc = tRc MIN.) 

TCS 14102 AP/AJ/AS J/AZ-70 

- 

100 

mA 

B 

TCS 14102 AP/AJ/AS J/AZ-80 

- 

85 

TCS 14102 AP/AJ/AS J/AZ-10 

- 

75 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS ViH^e.SV, All Other Pins Not Under TestsOV) 

-10 



B 

'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV^Vout^ +5.5V) 

-10 

_ 

10 

liA 

■ 

Vqh 

OUTPUT LEVEL 

Output "H* Level Voltage (louT= -5mA) 

B 

B 

B 

■ 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = A2mA) 

B 

B 

V 

■ 
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TGSI4102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-^0 
TC514102AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V + 10%, Ta = 0~70'’c)(Notes 6, 7, 8) 
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TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-^0 

TC514102AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514102AP/ 

AJ/ASJ/AZ.70 

TC514102AP/ 

AJ/ASJ/AZ-80 

TC514102AP/ 

AJ/ASJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tAR 

Column Address Hold Time referenced 
to (READ SYCLE) 

80 

- 

90 

- 

115 

- 

ns 


tRAL 

Column Address to Ra§ Lead Time 

35 

- 

40 

- 

50 

- 

ns 


tAH 

Column Address Hold Time referenced 

to RAS Rise 

5 

- 

5 

- 

10 

- 

ns 

17 

^CWL 

Write Command to Lead Time 

20 

- 

20 

- 

25 

- 

ns 


^LWAD 

Last Write to Column Address Delay 
Time 

20 

30 

20 

35 

25 

45 

ns 

16 

Uhlw 

Last Write to Column Address Hold 

Time 

65 

- 

75 

- 

95 


ns 


tRCS 

Read Command Set-up Time 
referenced to ^ 

0 

- 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to C? 

0 

- 

0 

- 

0 


ns 

11 

tRRH 

Read Command Hold Time referenced 

to 

0 

- 

0 

- 

0 

- 

ns 

11 

WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 

13 

twp 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


twi 

Write Command Inactive Time 

10 

- 

10 

- 

10 


ns 


^RWL 

Write Command to Ha? Lead Time 

20 

- 

20 

- 

25 

- 

ns 


tos 

Data-In Set-Up Time 

0 

- 

0 


0 

- 

ns 

12 

Idh 

Data-In Hold Time 

15 

- 

15 

- 

20 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

- 

16 

- 

16 

ms 


^WCS 

Write Command Set-UP Time 

0 

- 

0 

- 

0 

- 

' 

ns i 

13 

tcwo 

CS to write Delay Time 
(READ-MOOIFY-WRITE CYCLE) 

20 

- 

20 

- 

25 

- 

ns 

13 

tRWO 

RA^ to WRltE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

70 

- 

80 1 

- 

100 

- 

ns 

13 

Uwo 

Column Address to WRITE Delay Time 

35 

- 

40 

- 

50 


ns 

13 

kSR 

TS Set-Up Time (CE before RaS) 

5 

- 

5 

- 

5 

- 

ns 


kHR 

^ Hold Time (C5 before RAS) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

RAS Precharge to iC? Active Time 

0 

- 

0 


0 

• 

ns 


kPT 

Precharge Time 
before RA? Counter Test) 

40 

- 

40 

- 

50 

- 

ns 


tCPN 

C5 Precharge Time 

10 


10 

- 

15 

- 

ns 
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TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514102AP/ 

AJ/ASJ/AZ-70 

TC514102AP/ 

AJ/ASJ/A2-80 

TC514102AP/ 

AJ/ASJ/AZ-IO 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twTS 

Write Command Set-Up Time 

10 

- 

10 


10 

- 

m 


twTH 

Write Command Hold Time 

10 

- 

10 

- 

10 

- 

m 


twRP 

WHITE to HaS Precharge Time 

10 

- 

10 

- 

10 

- 

D 


twRH 


10 

- 

10 

- 

10 

- 

la 
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TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 

TC514102AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V + 10%, Ta = 0~70°C) (NoteS, 7, 8) 


SYMBOL 

PARAMETER 

TC514102AP/ 

AJ/ASJ/AZ-70 

TC514102AP/ 

AJ/ASJ/AZ-80 

TC514102AP/ 

AJ/ASJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Random Read or Write Cycle Time 

mm 

- 

155 

- 

wm 

- 

m 


tRMW 

Read-Modify-Write Cycle Time 


- 


- ' 

wm 

- 

■a 


tsc 

Static Column Mode Cycle Time 

mm 

- 


- 

mw 

- 

■a 


tSRMW 

Static Column Mode Read-Modify-Write 
Cycle Time 

75 


85 

- 

105 

- 

ns 


tRAC 

Access Time from ^aS 


75 

- 

85 

- 

105 

ns 

9,14 

15 

tCAC 

Access Time from ^ 

- 

25 

- 

25 

- 

30 

■1 

KSEI 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

m 

9,15 

Ulw 

Access Time from Last Write 

- 

70 

- 

80 

- 

100 

m 

9,16 

tRAS 

RAS Pulse Width 

mm 

10,000 

Bi 

10,000 

|[|9I 

10,000 

B 


tRASC 

ftAS Pulse Width (Static Column Mode) 

wm 

20,000 

wm 

20,000 

HQQI 

20,000 

m 


tRSH 

^ Hold Time 

B 

- 

mm 

- . 

BI 

- 

B 


tCSH 

3 Hold Time 

mm 

- 

■a 

1 

mm 

- 

m 


tcs 1 

^ Pulse Width 

mm 

10,000 

■■ 

10,000 

wm 

10,000 

B 


tcsc 

Pulse Width (Static Column Mode) 

wm 

20,000 

wm 

20,000 

wm 

20,000 

BI 


tRAL 

Column Address to ltAS Lead Time 

wm 

- 

wm 

- 

wm 

■ - 

BI 


tcWD 

^ to WRiT^ Delay Time 

mm 

- 

mm 

- 

BI 

- 

M 


tRWD 

RAS to WRItE Delay Time 

mm 

- 

Bi 

- 


- 

B 


tAWO 

Column Address to WRITe Delay Time 

mm 

- 

mw 

- 

wm 

- 

II 



CAPACITANCE (Vcc = 5V ± 10%, f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

c„ 

Input Capacitance (A0~A10, Din) 

- 

5 

PF 

C|2 

Input Capacitance (RAS, t?, WftlYg) 

- 

7 

PF 

Co 

Output Capacitance (Dqut} 

- 

7 

pF 































































































TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci. IcC3i ICC4, ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained'With the output open. 

5. Column address can be changed once or less While RAS=Vil and U5 =Vih. 

6. An initial pause of 200ps is required after power-up followed by any 8 HAS only refresh cycles 
before proper device operation is achieved. In case of using internal refresh counter, a minimum 
of 8 US Before RAS refresh cycles instead of 8 RAS onlyrefreh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF, 

10. toFF (max.) defines the time at which the output achieves the open, circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to UU leading edge in early write cycles and to WMTE leading 
edge in read-write cycles. 

13. twcs. tRWD. tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD^ tRWD (min.), tcwD^ tCWD (min.), and tAWD^ tAWD (niin.), the cycle is a read-write cycle and 
the data out will contain data read from the selected cell; If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (min.) limit insures that tRAC (max.) can be met. 

tRCD(max.) is specified as a reference point only; If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA* 

16. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. 

tLWAD(max.) is specified as a reference point only; If tLWAD is greater than the specified 
tLWAD(max.) limit, then access time is controlled exclusively by tAA* 

17. tAii is the condition to latch column address when RA$ has rised up. 
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TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-^0 

TC514102AP/AJ/ASJ/AZ-10 


TIMING WAVEFORMS 


READ CYCLE 



WRITE CYCLE (EARLY WRITE) 



A-259 









TG514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ^0 
TC514102AP/AJ/ASJ/AZ-10 


READ > MODIFY-WRITE CYCLE 


L 


tRMW 





















TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 

TC514102AP/AJ/ASJ/AZ-10 











TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/AZ-10 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE] 









TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 

TC514102AP/AJ/ASJ/AZ-10 



STATIC COLUMN MODE READAVRITE MIXED CYCLE 













TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/AZ-10 



Note; WRITE .A10= “H”or"L” 


C5 BEFORE 155 REFRESH CYCLE 













TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 

TC514102AP/AJ/ASJ/AZ-10 
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TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/A2-10 


HIDDEN REFRESH CYCLE (WRITE! 







TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 

TC514102AP/AJ/ASJ/AZ-10 


gg BEFORE Ea5 refresh COUNTER TEST CYCLE 






















TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/AZ-10 


■Write, CS before KSS refresh cycle 


tRC 










TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 

TC514102AP/AJ/ASJ/AZ-10 


TEST MOPE 

The TC514102AP/AJ/ASJ/AZ is The RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. AlOR, AlOC and AOC are not used. If, upon reading, all bits are equal (all *‘l”s or‘‘ 0”s), the data output 
pin indicates a ‘‘l”shows the block diagram of TC514102AP/AJ/ASJ/AZ. Ih'Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

‘‘WRITE , US Before RAS Refresh Cycle” puts the device ‘Test Mode”. And ”US Before RAS Refresh Cycle 
“or” RAS Only Refresh Cycle”puts it back into ‘‘Normal Mode”.In the Test Mode, “WRITE. US Before RAE 
Refresh Cycle” performs the refresh operation with the internal refresh address counter. The ‘Test Mode” 
functiom reduces test times(l/8 in case of N test pattern). 




TC514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC514102AP/AJ/ASJ/AZ-10 


















































'r.', ^ ; 


1 ,048,576 WORD X 4 BIT DYNAMIC RAM * This is advanced information and specifications 
DESCRIPTION subject to change without notice. 

The TC514400J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514400J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514400J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro¬ 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of 5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

[ I TC514400J/Z~80/-10'| 


^RAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address 
Access Time 

40ns 

50ns 

^CAC 

CAS Access Time 

20ns 

25ns 

tRC 

Cycle Time 

150ns 

180ns 

*:pc 

Fast Page Mode 
Cycle Time 

50ns 

60ns 

Single power supply of 5V±10% 

with a 


built-in Vgg generator 
PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


l/Oll 


26 


OE 1 j 

1/02 [ 

2 

25 

]l/04 

1/03 3 3 

WRITEC 

RASI 

A9[ 

3 

4 

5 

24 

23 

22 

11/03 

ITTSS* 

Vss 

3/02 yJ 
Ra 3 a] 

AOC 

9 

18 

]A8 

AO Ul 

Al[ 

10 

17 

3A7 

A2 13] 

A2E 

11 

16 

]A6 

Vcc 

A3[ 

12 

15 

3A5 

AS 

VccC 

13 

14 

]A4 

A7 iS] 


Plastic ZIP 


UIs 

CS 3/04 

[5 WRITE 
CLQ A9 
Sa A1 
[S A3 
Q.6 A4 
SQ A6 
AS 


PIN NAMES 


AO ^ A9 Address Inputs _ 

Row Address Strobe 
CAS Column Address Strobe 

WRITE Read/Write Input _ 

OE _ Output Enable _ 

1/01^1/04 Data Input/Output 

VCC _ Power (+57) __ 

^SS Ground 


Low Power 

578mW MAX. Operating (TC514400J/Z-80) 
495oW MAX. Operating (TC514400J/Z-10) 
5.5mW'MAX. Standby 

Outputs unlatched at cycle end allows two- 

dimensional chip selection _ 

Read-Modify-Write, CAS before kA^ refresh, 
RAS-only refresh. Hidden refresh and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514400J 
Plastic ZIP: TC514400Z 


BLOCK DIAGRAM 



























TC514400J/Z-«0 

TC514400J/Z--10 



ABSOLUTE MAXIMUM RATINGS 

ITEM 

SYMBOL 

Input Voltage 

ViN 

Output Voltage 

VoUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

Tqpr 

Storage Temperature 

tstg 

Soldering Temperature • Time 

TsOLDER 

Power Dissipation 

Pd 

Short Circuit Output Current 

IqUT 




RECOMMENDED DC OPERATING CONDITIONS (Ta«0^70**C) 


TYP. 


5.0 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 


MAX. 

UNIT 

NOTE 

5.5 

V 

2 

6.5 

V 

2 

0.8 

V 

2 



DC ELECTRICAL CHARACTERISTICS (Vcc«5V±10%, Ta»0^70^C) 


SYMBOL PARAMETER 


OPERATING CURRENT 

Average Power Supply Operating Current 
(MS, CAS^, Address Cycling: tj;»Q=tRc MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS«CA^«Vih) 


MS ONLY REFRESH CURRENT 

ICC3 Average Power Supply Current, lM§ Only Mode 
(MS Cycling, Ca1‘«Vih: tRc*tRc MIN.) 


FAST PAGE MODE CURRENT 

^CC4 Average Power Supply Current, Fast Page Mode 
(MS®Vjl> CaS, Address Cycling: tpQ**tpQ MIN.) 
- STANDBY CURRENT “ 

Icc 5 Power Supply Standby Current 
(MS«^=Vcc-0.2V) 


TC514400J/Z-80 


TC514400J/'Z-10 


TC514400J/'Z-80 


TC514400J/Z-10 


T0514400J/'Z»80 



INPUT LEAKAGE CURRENT 
^I(L) Input Leakage Current, any input 

(0V< ViN^ 6.5V, All Other Pins Not Under Test«0V) 


j OUTPUT LEAKAGE CURRENT 

^0(1) ig disabled, OVi ?ouT» 5.5V) 


OUTPUT LEVEL 

Output Level Voltage (IoUT*“~5mA) 


OUTPUT LEVEL 

Output *'L** Level Voltage (IouT®^*2raA) 



TC514400J/Z-80 


TC514400J/Z-10 
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TC514400J/Z-^0 

TC514400J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta-O^-TO-C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

*^RC 

Random Read or Write Cycle Time 

•^RMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

tRAC 

Access Time from RAS 

tCAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

•^CLZ 

CAS to Output in Low-Z 

•^OFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

rt 

RAS Precharge Time 

tRAS 

RAJ Pulse Width 

’^RASP 

RAS Pulse Width (Fast Page Mode) 

•^RSH 

RAS Hold Time 

•^CSH 

CAS Hold Time 

*^RHCP 

CAS Precharge to RAS Hold Time 



CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time referenced to 

RAS __ 

Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 
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TC514400JyZ-80 

TC514400jyZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 




TC514400J/ 

Z-80 


TC514400J/ 

Z-10 UNITS NOTES 





^RRH Read Command Hold Time referenced to RAS 


tycH Write Command Hold Time 


tycR Write Command Hold Time referenced to RAS 


Write Command Pulse Width 


Write Command to Lead Time 


Write Command to CA^ Lead Time 


Data Set-Up Time 


Data Hold Time 


Data Hold Time referenced to RAS 


Refresh Period 


Write Command Set-Up Time 


^CWD CSS to WnW Delay Time 


^RWD RAS to WRITE Delay Time 


^AWD jColumn Address to WRITE Delay Time 


CAS Precharge to WRITE Delay Time 
(Fast Page Mode) 


CAS Set-Up Time (CAS before RAS Cycle) 


CAS Hold Time (CAS before RAS Cycle) 


^RPC RAS to CAS Precharge Time 


'CPT C AS P rechar ge Ti me 

(CAS before IaS Counter Test Cycle) 


RAS Hold Time referenced to Ul’ 


Access Time 


DF to Data Delay 


Output Buffer Turn Off Delay Time from OE 


OE Command Hold Time 


Write Command Set-Up Time(Test Mode in) 


Write Command Hold Time (Test Mode In) 


W RIT E to RA S Pre charge Time 
(CAS before RAS Cycle) 


WRITE to RAS Hold Time 
(CAS before RAS Cycle) 
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TC514400J/Z-80 

TC514400JyZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400J/Z 

-80 

TC514400J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

JOSH 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


mm 

Fast Page Mode Cycle Time 

55 

- 

.•65 

- 

ns 


BB 

Access Time from RAS 

- 

85 

- 

105 

ns 

9,14,15 

•^CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

’^CPA 

Access Time from CAS Precharge 


50 

- 

60 

ns 

9 

tRAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


’^RASP 

RAS Pulse Width(Fast Page Mode) 





ns 


tRSH 

RAS Hold Time 

25 

- 

' 30 

- 

ns 


tCSH 

CAS Hold Time 

85 

- 

105 

- 

ns 


•^RHCP 

CAS Precharge to RAS Hold Time 

50 

- 

60 

- 

ns 


*^CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (Vcc-5V±10%, f=lMHz, Ta=0-70'’C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cii 

Input Capacitance (AQ'-A9) 

- 

5 

pF 


Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

pF 


Output Capacitance (I/01~I/04) 

- 

7 

pF 


































































TC514400J/Z-80 

TC514400J/Z-10 


NOTES: 

1, Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device, 

2, All voltages are referenced to Vgs* 

3, icCl» ^CC3> ^CC4» ^CC6 cycle rate. 

^CC1» ^CC4 output loading. Specified values afe obtained with the 

output open. 

5. Column address can be changed once or less while RAS*Vjl and CAS«Vijj. 

6. An initial pause of 200ys is required after power-up followed by 8 RAS only 
refresh cycles before proper device operation is ac hieve d. In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx”5ns. 

8. V^Cmin.) and Vj^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjji and 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. tQpp(max,) and tQ£ 2 (max.) define the time at which the output achieves the open 
circuit condition and are not referenced tP output voltage levels. 

11. Either tpcH ^RRH satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write cycles. 

13. twcs> tewDf t^AWD ^CPWD restrictive operating parameters. They 

are included in the data sheet as electrical characteristics only. If twcS»^WCS 
(min.) the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD«^RWD (min.), tcwo-^CWD (min.), 
^AWD^^AWD (min.) and tcpwD^^CPWD (min.) (Fast Page Mode), the cycle is a read- 
modify-write cycle and data out will contain data read from the selected cell: 

If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the t£Qj^(max.) limit insures that tnAQ(max.) can be met. 
tRCD(^^^«) specified as a reference point only: It tRCD greater than the 
specified tRCD(®^*^*) limit, then access time is controlled by t^^c. 

15. Operation within the t£^(max.) limit insures that tR^Q(max,) can be met, 
tRAD(max,) is specified as a reference point only; If t^^ is greater than 
the specified tR^j)(max.) limit, then access time is controlled by t^y^. 
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TC514400J/Z-80 

TC514400J/Z-10 



WRITE CYCLE (EARLY WRITE) 



































TC514400jyZ-10 


WRITE CYCLE (OS CONTROLLED WRITE) 

“HaS 

CaS 

A0'-A9 

WRITfi 

1/01-1/04 

READ-MODIFY-WRITE CYCLE 
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TC514400J/Z-80 

TC514400J/Z-10 
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Te514400J/Z-80 

TG514400J/Z-10 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TC514400J/Z-80 

TC514400J/Z-10 


RAS ONLY REFRESH CYCLE 



Note: WRITE, OE-"H" or "L" Y/A : "H" or "L" 

CAS BEFORE RAS" REFRESH CYCLE 



Note: OE, A0'vA9="H" or "L" 
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TC514400J/Z-B0 

TC514400J/Z-10 


HIDDEN REFRESH CYCLE (READ) 
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TC514400J/Z-80 

TC514400J/Z-10 
















TC514400J/Z-80 

TC514400J/Z-10 


C55 BEFORE RAS REFRESH COUNTER TEST CYCLE 














TC514400J/Z-^0 

TC514400J/Z-10 











TC514400J/Z-80 

TC514400J/Z-10 



WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 





























WRITE 


0 £ 


I/Ol-X/04 






















TC514400J/Z-80 

TC514400J/Z-10 


TEST MODE 

The TC514400J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same Way. Aoc is not used. If, upon reading, two bits 
on one I/O pin are equal (all "l"s or "0"s), the I/O pin Indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514400J/Z. In "Test Mode", the lMx4 DRAM can be tested as if it 
were a 512K x 4 DRAM. 

"WRITE, CA^ Before RAS' Refresh Cycle puts the device into "Test Mode". Add 

Before MS Refresh. Cycle" or "RAS Only Refresh Cycle^* puts it back into "Normal 
Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" Performs the refresh 
operation with the Internal refresh address counter. The "Test Mode" function re¬ 
duces test times (1/2 in case of N test pattern). 
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TC514400J/Z-80 

TC514400J/Z-10 



























NOTES 



1 ,043,575 llORDx4 BIT DYNAMIC RAM 


* This is advanced information and specifications 
are subject to change without notice. 


DESCRIPTION 


The TC514400JL/ZL is the new generation dynamic RAM organized 1,048,576 words by 4 bits. 
The TC514400JL/ZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514400JL/ZL to be packaged in a 
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The ‘package size provides high 
system bit densities and is compatible with widely available automated testing and inser¬ 
tion equipment. System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 


1,048,576 word by 4 bit organization 
Fast access time and cycle time 



TC514400JI/Zl/~8(/~10 | 

*^RAC RAS Access Time 

80ns 

100ns 

Column Address 
^ Access Time 

40ns 

50ns 

^CAC CAS Access Time 

20ns 

25ns 

^RC Cycle Time 

150ns 

180ns 

^ Fast Page Mode 

Cycle Time 

50ns 

60ns 


Single power supply of 5V±10% with a 
built-in Vgg generator 


PIN CONNECTION 

Plastic SOJ 

l [ff 26)3^33 
25 3 1/04 
24 31/03 
23 3Ca? 

22 isr 


Plastic ZIP 



OE 

1/03 

vss 

1 /02 

RAS 

AO 

A2 

Vcc 

A5 

A7 


n 

I] 

:§] 

I 

P 

Jlj 

ii 


m 

05] 

SI 

[16] 

m 


PIN NAMES 


AO %A9 

Address Inputs 

RAS 

Row Address Strobe 


Column Address Strobe 

VJRITE 

Read/Write Input 


Output Enable 

I/Ol''- 1/04 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 


WRITE 

A9 

A1 

A3 

A4 

A6 

A8 


WRITE o- 


CAS C 




No. 2 CLOCK 
GENERATOR 


AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 




X 


COLUMN 
ADDRESS 
BUFFERS (10) 


REFRESH 

CONTROLLER 



1/04 1 1 

DATA IN 

DATA OUT 


I/Ol * 

BUFFERS 

BUFFERS 


CAS 


Low Power 

578mW MAX. Operating(TC514400JL/ZL-80) 
495mW MAX. Operating(TC514400JL/ZL-10) 
2.2mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip selection 
Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycle5/128ms 
Package Plastic SOJ: TC514400JL 
Plastic ZIP; TC514400ZL 


BLOCK DIGARAM 


Vcc Vss 


I/Ol I/O2 1/03 I/O 4 

I-i. 1. 1 







SSSIB 







>OE 


10 




REFRESH 
COUNTER (10) 


ROW 

ADDRESS , 
BUFFERS (10) 

mi: 


COLUMN 

DECODER 


10 


No. 1 CLOCK M 
GENERATOR 


SENSE AMP. 
1/D GATE 

-1024—1 
X4 





Mi 

M EMORY 


IBBl 

ARRAY 

“"I 

IH 

1024X 1024X4 



1__ 


SUBSTRATE BIAS 
GENERATOR 
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TC514400JL/ZL-10 


ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta*0^70"C) 



DC ELECTRICAL CHARACTERISTICS (Vcc»5V±10%, Ta-O'v^yO'C) 
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TC514400JL/ZL-80 

TC514400JL/ZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



PARAMETER 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 

rt 

O 

Fast Page Mode Cycle Time 

tPRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 


(Vcc«5V±10%, Ta^O'vyO^C) (Notes 7, 8, 9) 


TC514400JL/ TC514400JL/ 

ZL-80 2L-10 


MIN. MAX. MIN. MAX. 


UNIT NOTES 


tCAC 

Access Time from CAS 

^AA 

Access Time from Column Address 

*^CPA 

Access Time from CAS Precharge 

^ChZ 

CAS to Output in Low-Z 

t^OFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

•^RAS 

RAS" Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

^CSH 

CAS Hold Time 

'^RHCP 

CAS Precharge to RAS Hold Time 

•^CAS 

CAS Pulse Width 

tRCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

t^CRP 

CAS to RAS Precharge Time 

tCP 

CAS Precharge Time 

'^ASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

mm 

Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to 

^AR 

Jas 

tRAL 

Column Address to RAS Lead Time 


Read Command Set-Up Time 

EEBB 

Read Command Hold Time 



80 10,000 


80 200,000 


20 


80 


45 


20 10,000 


60 


100 200,000 


25 



25 10,000 


25 75 


ns 


ns 


ns 


ns 


ns 


ns 15 


ns 16 


ns 



ns 


ns 


ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
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TC514400JL/ZL-80 

TC514400JL/ZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400JL/ 

ZL-80 

TC514400JL/ 

ZL-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX," 

’^RC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 

- 

•65 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

10.15.16 

^CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

10,15 

*"AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

10,16 

*^CPA 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 


tRAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


'^RASP 

RAS Pulse Width(Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


‘^RSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


tCSH 

^ Hold Time 

85 

- 

105 

- 

ns j 


^RHCP 

CAS Precharge to RAS Hold Time 

50 

- 

60 

- 

ns 


'^CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns i 



CAPACITANCE (Vcc”5V±10%, Ta»0-70*C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AQ-A9) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

PF 

Co 

Input/Output Capacitance (I/Ol'V/1/04) 

- 

7 

pF 
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TC514400JL/ZL-10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause per¬ 
manent damage to the device. 

2. All voltages are referenced to Vgg* 

ICCI* ^CC3» ^CC4» ^CC6» ^CC7 <iepend on cycle rate. 

4. 1CC1» ^CC4 depend on output loading. Specified value are obtained with the output 

open. 

'5. Column address can be changed once or less while RAS^V^l and CAS*Vxh* 

6i tRAS(®ax.)~lys is only applied to refresh of battery-back up. tRAS(®ax.)«10ys is 
applied to.functional operating. 

7 . An initial pause of 200Ps is required after power-up followed by 8 RAS" only refresh 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 

RAS only refresh cycles are required. 

8. AC measurements assume tx**5ns. 

9. Vj^(min.) and are reference levels for measuring timing of input signals. 

Also, transition times are measured between Vjjj and Vjx* 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. tQFFC™^^*) toEz(®^^«) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

12. Either tRCj} or t^EH be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modify-write cycles. 

• ^WCS» ^RWD» ^CWD» ^AWD ^CFWD restrictive operating parameters. They 

are included in the data sheet as electrical characteristics only. If twcs« twCS 
(min.) the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD^ tRWD(min,), tcwD^ tcWD(®i^*)i 
^AWD^ ^^d tcpyD^ tcpm)(min.) (Fast Page Mode), the cycle is a read- 

modify-write cycle and data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

15. Operation within the tRCDC^ax.) limit insures that tRAC(^x») can be met. 
tRCD(ras3c.) is specified as a reference point only: If tRCD greater than the 
specified tRCD(niax.) limit, then access time is controlled by tCAC* 

16, Operation within the tRAD(max.) limit insures that tRAcC"^^^*) can be met. 

specified as a reference point only: If t^^ is greater than the 
specified tj^(max.) limit, then access time is controlled by t^. 


A-296 



READ CYCLE 

RAS 

CAS 

A0-A9 

WRITE 

OE 

I/O 1-1/04 

WRITE CYCLE 

RAS 

A0-A9 

write’ 

1/01-1/04 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 


VALID 
DATA-OUT 2 
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TC514400JL/ZL-10 


FAST PAGE MODE READ-MODIFY-TOITE CYCLE 
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TC514400JUZL-^0 

TC514400JL/ZL-10 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



VALID DATA-OUT 
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TC514400JL/ZL-10 



WRITE CYCLE (EARLY TJRITE) IN THE TEST MODE 
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TC514400JUZL-10 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC514400JL/ZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in 
parallel and retrieved the same way. Aqq is not used. If, upon reading, two bits on 
one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514400JL/ZL. In "Test Mode", the IMx 4 DRAM can be tested as if it were 
a 512KX 4 DRAM. 

"WRITE, CAS Before RAS Refresh. Cycle" puts the device into "Test Mode". And Before 

RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into. "Normal Mode". In the 
Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs the refresh operation with 
the internal refresh address counter. The "Test Mode" function reduces test times (1/2 
in case of N test patterns). 
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NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM * This is advanced information and specifica¬ 
tions are subject to change without notice. 

DESCRIPTION 

The TC514400AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514400AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to the system 
user, Multiplexed address inputs permit the TC614400AP/AJ/ASJ/AZ to be packaged in a standard 20 
pin plastir DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 




TC514400AP/AJ/ASJ/AZ - 60 

tRAC 

RAS Access Time 

60ns 

tAA 

Column Address 
Access Time 

30ns 

kAC 

CAS Access Time 

20ns 

^RC 

Cycle Time 

110ns 

tpc 

Fast Page Mode 
Cycle Time 

45ns 


® Single power supply of 5V±10% 
with a built-in Vbb generator 












Low Power 


660mW MAX. Operating 

(TC514400AP/AJ/ASJ/AZ - 60) 


5.6mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sol ution 
Re^ -Modify-Write, CaS before RAS refresh, 
RAS-only refresh, Hidden refresh. Fast Page 


Mode and Test Mode capability 
All inputs and outputs ’ITL compatible 
1024 refresh cycles/16ms 
Package TC514400AP : DIP20-P-300C 

TC514400AJ : SOJ26-P-350 

TC514400ASJ : SOJ26-P-300A 
TC514400AZ : ZIP20-P-400A 


PIN NAMES 


A0-A9 

Address Inputs 

OE 

Output Enable 

W 

Row Address Strobe 

l/Ol~l/04 

Data Input/Output 

CAS I 

Column Address Strobe 

Vcc 

Power (+ 5V) 

wMe 

ReadWrite Input 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


Plastic DIP Plastic SOJ Plastic ZIP 


Ca5 

1/04 

1/01 

A9 

A1 

A3 

A4 

A6 

A8 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

n--— 1 

NOTES 

Input Voltage 

V|N 

- 1-7 

V 

1 

Output Voltage 

VOUT 

- 1-7 

V 


Power Supply Voltage 

Vcc 

- 1-7 

V 


Operating Temperature 

Topr 

o 

} 

o 

“C 


Storage Temperature 

Ystg 

-55-150 

'’C 


Soldering Temperature • Time 

Tsoioer 

260-10 

*C • sec 

==^ 111 = 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

ioUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 



V 

2 

V,H 

Input High Voltage 

2.4 



V 

2 

V|L 

Input Low Voltage 

-1.0 


■HRyllH 


2 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(Ms = Ms = Vih) 

- 

2 

mA 


>CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(Ms Cycling, CAS = Vih: tRc = tRc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3. 5 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(MS = V|l, CAS, Address Cycling: tpc = tpc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 


70 

mA 

3. 4 

5 

ICC5 

-1 

STANDBY CURRENT 

Power Supply Standby Current 
(Ms = CAS = Vcc ~ 0.2 V) 

- 

1 

mA 


•CC6 

M5 BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (Ms, Ms Cycling: tpc^tpc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 


120 

mA 

3 

'l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(OVSViN^e.SV, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


'O (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled. OVS Vqut^5.5V) 

-10 

10 

pA 


Yqh 

OUTPUT level 

Output "H" Level Voltage (Iqut = -5mA) 

2.4 

- 

V 

■ 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (1out = ^ ^mA) 

- , 

0.4 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0~70°c) (Notes 6, 7, 8) 



cv^ylD^>l 

DAQAA/ICTCD 

TC514400AP/AJ/ASJ/A2-60 



!>T IVIoUL 

rAKAIVItItK 

MIN. 

MAX. 

UNIT 

1 

NOTES 


Random Read or Write Cycle Time 
Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 

Access Time from RA$ 

Access Time from CAS 
Access Time from Column Address 
Access Time from CAS Precharge 
CAS to output in Low-Z 


Transition Time (Rise and Fall) 


RAf Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RA5 Hold Time 


RA5 Hold Time From CAS Precharge (Fast Page Mode) 
^ Hold Time 


^ Pulse Width 


RA5 to CAS Delay Time 


RA5 to Column Address Delay Time 


CAS to RAS Precharge Time 


CA$ Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RAS 


Write Command Hold Time 
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TC514400AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514400AP/AJ/ASJ/AZ-60 



MIN. 

MAX. 

twp 

Write Command Pulse Width 

10 

- 

19 


^RWL 

Write Command to RAS Lead Time 

20 

- 

m 


kWL 

Write Command to CAS Lead Time 

20 

- 

m 


ks 

Data Set-Up Time 

0 

- 

m 


Idk 

Data Hold Time 

15 

- 

m 


*-REF 

Refresh Period 

- 

16 

mm 

in 

twcs 

Write Command Set-Up Time 

0 

- 

D 


kwo 

CAS to Wf^ Delay Time 

50 

- 

m 

13 

tRWD 

RAS to write' Delay Time 

90 

- 

ns 

13 

UWD 

Column Address to WRITE Delay Time 

60 

- 

ns 

13 

kPWD 

CAS Precharge to WRITE Delay Time 

70 

- 

19 


kSR 

CM Set-Up Time 
(CAS before RA$ Cycle) 

5 

- 


9 

kHR 

CAS Hold Time 

(^S before RA5 Cycle) ' 

15 

- 


9 

kpc 

'RAS to CAS Precharge Time j 

0 

- 

m 


kpT 

CAS Precharge Time (CaS before RM Counter Test 

Cycle) 

30 

- 


9 

kOH 

RM Hold Time referenced to UE 

10 

- 

O 

B 

^OEA 

Of Access Time 

- 

20 

m 


^OED 

OE to Data Delay 

20 

- 

19 


^OEZ 

Output buffer turn off Delay Time from OE 

0 

20 

19 

B 

kEH 

OE Command Hold Time 

20 


19 


twTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

19 


%TH 

Write Command Hold Time (Test Mode In) 

10 

- 

19 


twRP 

WRITe to R'M Precharge Time (CAS before PTAS Cycle) 

10 

- 

19 


twRH 

WRITE to RAS Hold Time (CAS before RAS Cycle) 

10 

- 

■9 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC514400AP/AJ/ASJ/AZ.60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 


ns 


tpc 

Fast Page Mode Cycle Time 

50 

- ■ 

ns 



Access Time from RA5 

- 

65 

ns 

9,14 

15 

tCAC 

Access Time from Ca? 

- 

25 

ns 

9,14 

^aa 

Access Time from Column Address 

- 

35 

m 

9,15 

tCPA 

Access Time from CAS Precharge 

- 

45 

ns 

9 

tRAS 

Pulse Width 

65 

10,000 

m 


BSIIIII 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

m 


tRSH 

RA5 Hold Time 

25 


ra 


kSH 

CAS Hold Time 

65 


m 


tRHCP 

RAS Hold Time From CAS Precharge (Fast Page Mode) 

45 

- 

m 

B 

tCAS 

ro Pulse Width 

25 

10,000 

m 

■ 1 ! 

tRAL 

Column Address to rX 5 Lead Time 

35 

~ 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C|i 

Input Capacitance (AO-^AB) 

- 

5 

pF 

C|2 

Input Capacitance (R43, WRITE, 0E) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/01~l/04) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCl» ICC3> ICC4, ICC6 depend on cycle rate. 

4. Icci> IcC 4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vjl and CAS = Vm. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vjl. 

9. Measured with a load equivalent to 2 ITL loads and lOOpF. 

Id, toPF (max.) and topz (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCil tuRn must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs> tRWD, tCWD, tAWl) and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs= twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRwo^ tRwi) (min.), tcwD^tcwD (min.) , tAWD^tAWD (min.) and tcPWD^tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation v/ithin the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAl) (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA« 
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TC514400AP/AJ/AS J/AZ-60 


WRITE CYCLE (OE CONTROLLED WRITE) 












TC514400AP/AJ/ASJ/AZ-60 


FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 
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HIDDEN REFBESH CYCLE (READ) 

tn/* tor 
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TEST MODE 

The TC514400AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 624,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
“0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of 
TC514400AP/AJ/ASJ/AZ. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a 512KX4 
DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CaS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 


Aoc Vcc 



Aoc Vcc 



Fig. 1 
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NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM 


This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC514400APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 
4 bits. The TC514400APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514400APL/AJL/ASJL/AZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 




TC514400APL/AJLyASJL/AZL- 60 

tpAC 

RAS Access Time 

60ns 

t-AA 

Column Address 
Access Time 

30ns 

Vac 

CAS Access Time 

20ns 

^RC 

Cycle Time 

110ns 

tpc 

Fast Page Mode 
Cycle Time 

45ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 


• Low Power 

660mW MAX. Operating 

(TC514400APL/AJL/AS JL/AZL ~ 60) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 

• Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycle^l28ms 

• Package TC514400APL : DIP20-P-300C 

TC514400AJL : SOJ26-P-350 
TC514400ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 


PIN NAMES 


BLOCK DIAGRAM 


A0~A9 

Address Inputs 

OE 

Output Enable 

RAS 

Row Address Strobe 

1/01-1/04 

Data Input/Output 

CAS 

Column Address Strobe 

Vcc 

Power (+ SV) 

WRITE 

ReadAA/rite Input 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plaitic DIP Plastic SOJ Plastic ZIP 


1/04 

1/01 

A9 

A1 

A3 

A4 

A6 

A8 



1/01 1/02 1/03 1/04 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

- 1~7 

V 

1 

Output Voltage 

VoUT 

- 1~7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

X 

1 

Storage Temperature 

Tstg 

-55-150 

X 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

X • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 


5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514400APL/AJL/ASJL/AZL-60 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN.) 

TC514400APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

- 

2 

mA 


(CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, ^=V|h: tRc = tRc MIN.) 

TC514400APL/AJL/ASJL/AZL-60 

- 

■ 

120 

mA 

3, 5 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V)l, CAS, Address Cycling: tpc = tpc MIN.) 

TC514400APL/AJL/ASJL/AZL-60 

- 

70 

mA 

3. 4 

5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^■=CM = Vcc-0.2V) 

- 

200 

pA 


■CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode(^M, CAS Cycling; tRc = tRc MIN.) 

TC514400APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3. 5 

1CC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

(CAS = CAS Before RAS Cycling or 0.2V, OE = Vcc-0.2V. WRITE = Vcc- 

0.2V, AO-9 =:Vcc-0.2V or 0.2V, 1/01-4 = Vcc-0.2V. 

0.2V or OPEN: tRc=125ps, tpAS = 300ns-Ips) 

- 

400 

pA 

3. 6 

‘lu 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

(CAS = CAS Before RaS Cycling or 0.2V. OE = Vcc-0.2V, WRITE = Vcc-- 

0.2V, A0~9 = Vcc-0.2V or 0.2V, 1/01 -4 = Vcc - 0.2V, 

0.2V or OPEN : tRc= 125ps, tRAs = tRAS MIN. -300ns) 

- 

300 

pA 

3, 6 

■l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV|nS 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


'O (L) 

OUTPUT LEAKAGE CURRENT 

(□out is disabled, OVS VqutS 5.5V) 

- 10 

10 

pA 


< 

O 

X 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = ^ ^mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


{Vcc = 5V±10%, Ta=:0~70°c) (Notes 1 , 8, 9) 



cvKyioAi 

1 DADAA/tCTCD 

TC514400APLyAJ L/ASJ L/AZL-60 



I>TIV1dUL 

rAKAIvll: 1 cK 

I 

MIN. MAX. 

UNIT 

NOTES 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 

Fast Page Mode Read-Modify-Write 
Cycle Time _ 

Access Time from RAS 

Access Time from CaS 

Access Time from Column Address , 

Access Time from CAS Precharge 

CAS to output in Low-Z 

Output Buffer Turn-off Delay 

Transition Time (Rise and Fall) 

RAS Precharge Time 
RA^ Pulse Width 

RAS Pulse Width (Fast Page Mode) 

Hold Time _ 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) _ 

CM Hold Time _ 

CAS Pulse Width 


RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CA5 to RAS Precharge Time 


ns 10,15 
ns 10,16 




















TC514400APL/AJL/ASJL/AZL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514400APL/AJLyASJLyAZL-60 

UNITS 

NOTES 

MIN. 

MAX. 

tRRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

ns 

12 

twCH 

Write Command Hold Time 

10 

- 

ns 


twP 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to RM Lead Time 

20 

- 

ns 


kWL 

Write Command to CAS Lead Time 

20 

- 

ns 


tDS 

Data Set-Up Time 

0 

- 

ns 

13 

tOH 

Data Hold Time 

15 

- 

ns 

13 

tREF 

Refresh Period 

- 

128 

ms 


■^wcs 

Write Command Set-UP Time 

0 

- 

ns 

14 

kWD 

CAS to WRITE Delay Time 

50 

- 

ns 

14 

tRWD 

RAS to WRITE Delay Time 

90 

- 

ns 

14 

^AWD 

Column Address to WRITE Delay Time 

60 

- 

ns 

14 

tcPWD 

CAS Precharge to WRITE Delay Time 

70 

- 

ns 

14 

kSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

ns 


k-HR 

CAS Hold Time 

(CAS before RAS Cycle) 

15 

- 

ns 


tRPC 

RM to CAS Precharge Time 

0 

- 

ns 


' 1 

kPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

30 

- 

ns 


tROH 

RAS Hold Time referenced to OE 

10 

- 

ns 


kEA 

O'E Access Time 

- 

20 

ns 


kED 

OE to Data Delay 1 

20 

- 

ns 


kez 

Output buffer turn off Delay Time 

from OE 

0 


ns 

10 

kEH 

OE Command Hold Time 

20 

- 

ns 


%TS 

Write Commamd Set-Up Time 
(Test Mode In) 

10 

' 

. 

ns 


%TH 

' ' 1 

Write Commamd Hold Time 

(Test Mode In) I 

10 

- 

ns 


%RP 

WRITE to RAS Precharge Time 
(CXS before R^ Cycle) 

10 

- 

ns 


twRH 

WRITE to RAS Hold Time 

(CAS before WAS Cycle) 1 

10 

" 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC514400APL7AJLyASJLyAZL-60 

UNITS 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 

_ 

ns 


tpc 

Fast Page Mode Cycle Time 

50 


ns 


tRAC 

Access Time from RAS 


65 

ns 

10,15 

16 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,15 

tAA 

Access Time from Column Address 

- 

35 

ns 

9,16 

tCPA 

Access Time from ^S Precharge 

- 

45 

ns 1 

10 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

100,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


kSH 

^ Hold Time 

65 

- 

ns 


tRHGP 

CAS Precharge to RAS Hold Time 

45 

- 

ns i 


tCAS 

Pulse Width 

1 

25 

10,000 

- 


tRAL 

Column Address to RA5 Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C,i 

Input Capacitance (A0~A9) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, WRITE, OE) | 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01 ~ 1/04) i 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCl» ICC3» ICC4, ICC6. IcC 7 depend on cycle rate. 

4. IcCb 1CC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil and CAS = Vih. 

6. tHAS(i^ax.) = Ips is only applied to refresh of battery-back up. tRAS(n^ax.) = lOps is applied to 

functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns, 

9. Viii (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil,. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. topF (max.) and toEZ (niax.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

12. Either tRCll or Irrm must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. twcs> tRWD, tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs—twCS the cycle is an early 

write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD^ tRWD (min.), tcWD^tcWD (min.) , tAWD=tAWD (min.) and tcpWD^tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
. out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TC514400APL/AJL/ASJL/AZL-60 


READ CYCLE 
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TC514400APL/AJL/ASJL/AZL-60 


WRITE CYCLE (OE CONTROLLED WRITE) 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



*1 DoutI 


*2 Dout2 


*3 DoutN 


: "H" or "L" 
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ra5 only refresh cycle 



Note: OE, A0~A9=:“H” or “L” 
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HIDDEN REFRESH CYCLE (READ! 
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TC514400APL/AJL/ASJL/AZL-60 


css BEFORE RAS refresh COUNTER TEST CYCLE 
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TC514400APL/AJL/ASJL/AZL-60 


TEST MODE 

The TC514400APL/AJL/ASJL/AZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aoc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
“0”s), the I/O pin indicates a “1”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of 
TC514400APL/AJL/ASJL/AZL. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a512KX4 
DRAM. 

“WRITE, CAS Before IlAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514400AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514400AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to the system 
user. Multiplexed address inputs permit the TC514400AP/AJ/ASJ/AZ to be packaged in a standard 20 
pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



TC514400AP/AJ/ASJ/AZ 
-70/-80/-10 

tRAC 

HAS Access Time 

70ns 

80ns 

100ns 

^AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

C^' Access Time 

20ns 

20n$ 

25n$ 

tRC 

Cycle Time 

130ns 

150ns 

180ns 

^PC 

Fast Page Mode 
Cycle Time 

45ns 

50n$ 

60ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


A0-A9 

Address Inputs 

CE 

Output Enable 


Row Address Strobe 

1/01-1/04 

Data Input/Output 

ro 

Column Address Strobe 

Vcc 

Power (+ 5V) 

write 

Read/Write Input 

Vss 

Ground 


• Low Power 

550mW MAX. Operating 

(TC514400AP/AJ/ASJ/AZ~70) 
468mW MAX. Operating 

(TC514400AP/AJ/AS J/AZ - 80) 
413mW MAX. Operating 

(TC514400AP/AJ/ASJ/AZ ~ 10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 

dimensional chip sel ^tion _ 

• Reed -Modify-Write, CaS before HAS refresh, 
HAS-only refresh, Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycle^lGms 

• Package TC514400AP : DIP20-P.300C 

TC514400AJ : SOJ26-P-350 

TC514400ASJ : SOJ26-P-300A 
TC514400AZ : ZIP20-P-400A 

BLOCK DIAGRAM 

1/01 1/02 1/03 1/04 


PIN CONNECTION (TOP VIEW) 



WRITE 


Vcc Vss 

9 9 

h 

<4 

♦ \ 

DATA IN 

DATA OUT 


BUFFERS 

BUFFERS 




AOO^ 
Al CM- 
A2CM- 
A30*- 
A4 0^ 
AS 
A6 
A7CM-| 
AS 




© 


RS50-—*. 


N0.2 CLOCK 
GENERATOR h 


COLUMN 
ADDRESS 
BUFFERS (10) 


REFRESH 

CONTROLLER 


7:% 


REFRESH 
COUNTER (10) 


ROW 

—TTr^ address 

A90*-l-uy BUFFERS (10) 


COLUMN 

DECODER 


SENSE AMP 
VO GATE 


NO.l CLOCK 
GENERATOR 


1024 • 
X4 


EL__t 



p 



^ r 

MEMORY 

5 o 

oc u 

1024 

ARRAY 

Ui 

, » , 

1024x1024x4 

O 

TT 



SUBSTRATE BIAS 
GENERATOR 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

ViN 

-1-7 

V 

1 

Output Voltage 

VouT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

TqPR 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature’Time 

Tsoloer 

260-10 

•C-sec 

1 

Power Dissipation 

' 

Po 

700 

mW 

1 

Short Circuit Output Current 

loUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

I 

> 

input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 

TC514400AP/AJ/ASJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA5, CA$, Address Cycling: tRc = tRc MIN.) 

TC514400AP/AJ/AS J/AZ-70 

- 

100 

mA 

3, 4 

5 

TCS14400AP/AJ/ASJ/AZ-80 

_ 

85 

TC514400AP/A J/AS J/AZ-10 



ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
{RaIsCa? = V|h) 

- 

2 

mA 


ICC3 

ra5 only refresh current 

Average Power Supply Current, RA? Only Mode 
Cycling. CA?=V,h: tRc = tRc MIN.) 

TC514400AP/AJ/AS J/AZ-70 

- 

100 • 

mA 

3, 5 

TC514400AP/AJ/AS J/AZ-80 

- 

85 

TC514400AP/A J/AS J/AZ-10 

- 

75 

'CC4 

FAST PACE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS ss V|L, CaS, Address Cycling: tpc = tpc MIN.) 

TC514400AP/AJ/AS J/AZ-70 

- 

70 

mA 

3. 4 

5 

TC514400AP/AJ/AS J/AZ-80 

- 

60 

TC514400AP/AJ/AS J/AZ-10 

- 

55 

ICC5^ 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = ro=: Vcc “0.2V) 

- 

1 

mA 


ICC6 

tA? BEFORE MS REFRESH CURRENT 

Average Power Supply Current, CAS Before ftA§ 
Mode (RAl MS Cycling: tRc = tRc MIN.) 

TC514400AP/AJ/AS J/AZ-70 

- 

100 

mA 

3. 5 

TC514400AP/AJ/AS J/AZ-80 

- 

85 

TC514400AP/AJ/AS J/AZ-10 

- 

75 

■ 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 VSV|nS 6.5V, All Other Pins Not Under TestssOV) 

-10 



■ 

■O (L> 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled. OVS Vqut^ 5.SV) 

-10 

10 

pA 

B 

VpH 

OUTPUT LEVEL 

Output "H" Level Voltage {Iout= -5mA) 

D 

■ 

D 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut* 4.2mA) 

■ 

D 

B 

B 
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TC514400AP/AJ/ASJ/AZ-70, TG514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 1 0%, Ta = 0~70°c) (Notes 6, 7, 8) 



TC514400AP/ 

AJ/ASJ/A2.70 


TC514400AP/ 

'AJ/ASJ/AZ-SO 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read>Modify*Write 
Cycle Time 


Access Time from rA5 


Access Time from CaS 


Access Time from Column Address 


Access Time from Ca? Precharge 


CA$ to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


rA§ Precharge Time 


RA5 Pulse Width 


]?A? Pulse Width (Fast Page Mode) 


ftAS Hold Time 


RA5 Hold Time From CaS Precharge 
(Fast Page Mode) 


tAi Hold Time 


CAi Pulse Width 


RA5 to tA5 Delay Time 


Ka 5 to Column Address Delay Time 


CA5 to Ka 5 Precharge Time 


CA5 Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address to Ra 5 Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 

TC514400AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

PARAMETER 

tRRH 

Read Command Hold Time referenced 

to 

twCH 

Write Command Hold Time 

twp 

Write Command Pulse Width 

tRWL 

Write Command to ftAS Lead Time 

^CWL 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

tcwo 

CaS to W?nTF Delay Time 

tRWD 

ftAS to WRIT? Delay Time 

tAWO 

Column Address to WRITF Delay Time 

tCPWD 

CA5 Precharge to WRITE Delay Time 

kSR 

Ca$ Set-Up Time 
(Ca 5 before RaS Cycle) 

tCHR 

CaS Hold Time 
(CAS before RAS Cycle) 

tRPC 

Ra§ to Ca$ Precharge Time 

kPT 

CAi Precharge Time (CaS before RAS 
Counter Test Cycle) 

tROH 

RAS Hold Time referenced to 

tOEA 

Access Time 

^OEO 

to Data Delay 

tOEZ 

Output buffer turn off Delay Time 
from 

tOEH 

Of Command Hold Time 

twTS 

Write Commamd Set-Up Time 
(Test Mode In) 

twTH 

Write Commamd Hold Time 
(Test Mode In) 

tWRP 

WRITE to RAS Precharge Time 
(CaS before RAS Cycle) 

twRH 

WrITT to RAS Hold Time 

(CaS before RAS Cycle) 1 


TC514400AP/ 

AJ/ASJ/AZ-70 


TC514400AP/ 

AJ/ASJ/AZ-10 

























































































































































TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-^0 
TG514400AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC514400AP/ 

AJ/ASJ/A2-70 

.TC514400AP/ 

AJ/ASJ/A2-80 

TC514400AP/ 

AJ/ASJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

155 


185 

- 



tRMW 

Read-Modify-Write Cycle Time 

190 

- 

210 

- 

250 

- 

■■ 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

■1 


tpRMW 

Fast Page Mode Cycle Read-Modify- 
Write Time 

105 

■1 

110 

- 

130 

- 

ns 


tRAC 

Access Time from RA$ 

- 

75 

- 

85 

- 

105 

ns 

9.14, 

15 

tCAC 

Access Time from ?a5 

- 

25 

- 

25 

- 

30 

m 

9,14 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

m 

9,15 

tCPA 

Access Time from iCAi Precharge 

- 

45 

- 

50 

- 

60 

■1 

9 

tRAS 

ftA5l Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

la 


^RASP 

1a 5 Pulse Width (Fast Page Mode) 

75 

200,000 

85 

200,000 

105 

200,000 

m 


tRSH 

BAi Hold Time 

25 

- 

25 

- 

30 

- 

m 


ISflIi 


75 

- 

85 

- 

105 

- 

la 


tRHCP 

Ca 5 Precharge to BAS Hold Time 

45 i 


50 

- 

60 

- 

m 


tCAS 

CA§ Pulse Width 

25 

10,000 

25 

10,000 

mm 

10,000 

B 


tRAL 

Column Address to Ia 5 Lead Time 


- 

45 

- 

m 

- 

m 


tcwo 

CAS to WrTTE Delay Time 

55 


55 

- 

65 

- 

la 

13 

^RWD 

RaS to WRIT? Delay Time 

105 

- 

115 


140 

- 

la 

13 

tAWO 

Column Address to WRIT? Delay Time 

70 

- 

75 

- 

90 

- 

EM 

13 

tcpwo 

CaS Precharge to WRIT? Delay Time 

75 

- 

80 

- 

95 

- 

iia 

13 

tOEA 

U? Access Time 

- 

25 

- 

25 

- 

30 

EM 


^OEH 

(3? Command Hold Time 

25 

- 

25 

- 

30 

- 

iia 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70'’c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cl, 

Input Capacitance (A0-A9) 

- 

5 

pF 

Cl2 

Input Capacitance (Ra?, CaS, wRlTl, U?) 


7 

pF 

Co 

Input/Output Capacitance (1/01-1/04) 

- 

7 

pF 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 

TC514400AP/AJ/ASJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IgcI. IcC3. IcC 4 . ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

6. Column address can be changed once or less while and CAS=Vni. 

6. An initial pause of 200ps is required after power-up followed by 8 RaS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RaS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Vjpi (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAB leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs. tRWD» tcwD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS^twCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD^tRWD (min.), tcwD^tcwD (min.) , tAWD^tAWD (min.) and tcPWD^tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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tRC 


READ CYCLE 








TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-^0 

TC514400AP/AJ/ASJ/AZ-10 







TG514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-^0 
TG514400AP/AJ/AS J/AZ-10 


WRITE CYCLE (CT? CONTROLLED WRITE: 




TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 

TC514400AP/AJ/ASJ/AZ-10 


READ-MODIFY-WRITE CYCLE 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 


FAST PAGE MODE READ CYCLE 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-^0 
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BEFORE R55 REFRESH CYCLE 







TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/AS J/AZ-10 


HIDDEN REFRESH CYCLE (READ’ 
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HIDDEN REEFRESH CYCLE (WRITE: 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 


TEST MODE 

The TC514400AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
“0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l ’shows the block diagram of 
TC514400AP/AJ/ASJ/AZ. In‘Test Mode”, the 1MX4 DRAM can be tested as if it were a 512KX4 
DRAM. 

“Write, CA$ Before IIAS Refresh Cycle puts the device into ‘Test Mode”, And “CaS Before RAS 
Refresh Cycle” or “RA$ Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-60 

TC514400AP/AJ/ASJ/AZ-10 


BLOCK DIAGRAM IN THE TEST MODE 


Aqc Vcc 



Fig. 1 
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1,048,576 WORD x4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514400APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 
4 bits. The TC514400APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514400APL/AJL/ASJL/AZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 6V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 


TK? Access Time 


Column Address 
Access Time 


CAS Access Time 


Cycle Time 


TC514400APL/AJL/ASJL/AZL 
-70/-80/-10 

70ns 

80ns 

100ns 

35ns 

40ns 

50ns 

20ns 

20ns 

25ns 

130ns 

150ns 

180ns 

45ns 

50ns 

60ns 


Single power supply of 6V±10% 
with a built-in Vbb generator 


PIN NAMES 

A0-A9 Address Inputs _ 

RAS Row Address Strobe 
(!!A$ Column Address Strobe 
WRitE Read/Write Input_; 


^ Output Enable 
l/01-»l/04 Data Input/Output 
Vcc Power (-t-SV) 

Vss Ground_ 



• Low Power 

650mW MAX. Operating 

(TC514400APL/AJL/ASJL/AZL-70) 
468mW MAX. Operating 

(TC514400APL/AJL/ASJL/AZL-80) 
413mW MAX. Operating 

(TC514400APL/AJL/ASJL/AZL -10) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 

• Re^ -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycle^l28ms 

• Package TC514400APL : DIP20-P-300C 

TC514400AJL : SOJ26-P-350 
TC514400ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJLyASJL/AZL-80 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V.N 

-1-7 

V 

1 

Output Voltage 

VouT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

•c 

1 

Storage Temperature 

7sT6 

-55-150 

•c 

1 

Soldering Temperature'Time 

Tsolder 

260-10 

•C-sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VtH . 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514400APL/AJLyASJL/AZL-70, TC514400API_/AJL/ASJL/AZL-80 

TC514400APL/AJL/ASJLyAZL-10 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 


OPERATING CURRENT 

rC514400APL/AjuAS JL/AZL-70 

- 

100 


3, 4 

icci 

Average Power Supply Operatir>g Current 

TCS14400APUAJUAS JUAZL-80 

- 

85 

mA 


(ftAS, <!AS, Address Cycling: tRC*tRc MIN.) 

res 1 4400APL/AJL/AS JL/AZL- 10 


75 


5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(?tA5=<!S5=:V|H) 

- 

2 

mA 



rS5 only refresh current 

TCS 1 4400APL/A;L/AS JL/AZL-70 

- 

100 



ICC3 

Average Power Supply Current, ftAS Only Mode 

TCS 14400APL/AJUAS JL/AZL-80 


85 

mA 

3, 5 


(][a 5 Cycling, tRc = tRc MIN.) 

TCS 14400APL/AJL/AS JUAZL-10 

- 

75 




FAST PAGE MODE CURRENT 

TCS 14400APL/AjL/AS JL/AZL-70 

- 

70 


3. 4 


Average Power Supply Current, Fast Page Mode 

TCS 14400API/AJL/AS JL/AZL-80 

_ 

60 

mA 

kc4 

ikA^ = V|L, CaJ, Address Cycling: tpc = tpc MIN.) 

TCS 14400APL/AJL/AS JL/AZL-10 

- 

55 


5 

•CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(^s:tA5= Vcc-0.2V) 

- 

200 

pA 



BEFORE JaS refresh CURRENT 

TCS 14400APL/AJI/ASJL/AZL-70 

- 

100 


■i 

kc6 

Average Power Supply Current, CAS Before TC55 

TCS14400APL/AJUASJL/AZL-80 

- 

85 

mA 



Mode(?C55, TIAS Cycling: tRc = tRc MIN.) 

TCS 14400APL/AJL/ASJL/AZL-10 

- 

75 


m 

•CC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

Before Ka 5 Cycling or 0.2V, tTE s Vcc - 0.2V, WRITE* Vcc - 
0.2V, AO-9*Vcc-0.2V or 0.2V, 1/01-4*Vcc-0.2V, 

0.2V or OPEN : tRc* 125ps, tRAS^SpOns -Ips) 

- 

400 

pA 

3, 6 

ICC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
(ro*TS5 Before Cycling or 0.2V, 0E* Vcc-0.2V, WWtE *Vcc- 

0.2V, AO-9 a Vcc-0.2V or 0.2V, I/O 1-4 « Vcc - 0.2V, 

0.2V or OPEN: tRc=125ps, tRAS = tRAS MIN. -300n$) 

1 

300 

pA 

1 

•l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V^V,nS 6.5V, All Other Pins Not Under TestaOV) 

-10 

10 

pA 

■ 

D 

OUTPUT LEAKAGE CURRENT 
(Dout Is disabled. OV^Vqut^ 5.5V) 

-10 

10 

pA 

■ 

Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut® -5mA) 

D 

■ 

D 

■ 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut* 4.2mA) 

■ 

D 

D 

■ 
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJLyAZL-80 
TC514400APL/AJL/ASJLyAZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V + 10%, Ta = 0~70°c) (Notes 7, 8, 9) 
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJLyASJUAZL-80 

TC514400APL/AJLyASJLyAZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 



TC514400APiy 

AJL/ASJiyAZL-70 

TC514400APiy 

AJLyASJl/A2L-80 

TC514400API/ 

AJUASJl/AZL-IO 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Read Command Hold Time referenced 
to Ra§ 


Write Command Hold Time 


Write Command Pulse Width 


Write Command to Ra 5 Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


Refresh Period 


Write Command Sel-UP Time 


CaS to WRIT? Delay Time 


RAS to WIHTf Delay Time 


Column Address to WRTTF Delay Time 


CAS Precharge to WRITE Delay Time 


CAS Set-Up Time 
(CAS before RAS Cycle) 


CAS Hold Time 
(CaS before Ra? Cycle) 


RaS to CAS Precharge Time 


CaS Precharge Time (CAS before RaS 
Countier Test Cycle) 


RaS Hold Time referenced to ^ 


(5? Access Time 


0? to Data Delay 


Output buffer turn off Delay Time 


tOEH 

OE Command Hold Time 

20 

tWTS 

Write Commamd Set-Up Time 
(Test Mode In) 

10 

twTH 

Write Commamd Hold Time 
(Test Mode In) 

10 

tyVRP 

Write to RAS Precharge Time 
(CaS before RAS Cycle) 

10 

twRH 

Write to RAS Hold Time 
(CAS before RaS Cycle) 

10 


UNITS 

NOTES 

ns 

12 
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TC514400APL/AJLyASJI-/AZL-70, TC514400APL/AJL/ASJL/AZL-^0 
TC514400APL/AJL/ASJL/AZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC514400APiy 

AJLyASJiyA2L-70 

TC514400APL/ 

AJUASJL/A2L-80 

TC514400API/ 

AJL/ASJL/AZL-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

155 


185 

- 

la 


tRMW 

Read-Modify-Write Cycle Time 

190 

- 

210 

- 

250 

- 

■■ 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

ns 


tRMR 

Fast Page Mode Read<Modify*Write 

Cycle Time 

190 

- 

210 

- 

250 

- 

ns 


tRAC 

Access Time from 1 a5 

- 

75 

- 

85 

- 

105 

ns 

10.15 

16 

^CAC 

Access Time from (HAS 

- 

25 

- 

25 

- 

30 

m 

9,15 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

■I 

9,16 

^CPA 

Access Time from CaS Precharge 

- 

40 

- 

50 

- 

60 

m 

10 

^RAS 

1a 5 Pulse Width 

75 

10.000 

85 

10.000 

105 

10.000 

11 


^RASP 

Ka 5 Pulse Width (Fast Page Mode) 

75 

100.000 

85 

20 o.obo 

105 

200.000 

la 


tRSH 

flA^ Hold Time 

25 

- 

25 

- 

30 

- 

■a 


kSH 

CA§ Hold Time 

75 

- 

85 

- 

105 

- 

■1 


tRHCP 

CaJ Precharge to RAS Hold Time 

45 

- 

55 

- 

65 

- 

■a 


^CAS 

Ca? Pulse Width 

25 

10.000 

25 

10.000 

30 

. 10,000 

■a 


tRAL 

Column Address to RAs Lead Time 

40 

' 

45 

- 

55 

- 

El 


kwo 

<!a 5 to WFmr Delay Time 

55 

- 

55 

- 

65 

- 

■a 

14 

tRWO 

RA? to WITTf Delay Time 

105 

- 

115 

- 

140 

- 

El 

14 

tAWO 

Column Address to WRITE Delay Time 

70 

- 

75 1 

- 

90 

- 

El 

14 

tcpwo 

CaS Precharge to WRITE Delay Time. 

75 

- 

80 

- 

95 

- 

El 

14 

kEA 

UE Access Time from 

- 

25 

- 

25 

- 

30 

El 


kEH 

d Command Hold Time 

25 

- 

25 

- 

30 

_ 

El 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A9) 

- 

5 

pF 

C.2 

Input Capacitance (Ra5, CA5, WRITE, 0E) 

- 

7 

PF 

Co 

Input/Output Capacitance (1/01-^1/04) 

- 

7 

PF 
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJI-/AZL-80 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci» ICC3. ICC4. ICC6, IcC7 depend on cycle rate. 

4. Iccif ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil and CAS=Vih* 

6. tRAS(niax.) = lps is only applied to refresh of battery-back up. tRASCmax.) = lOps is applied to 

functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 KaS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 tlAS only refresh cycles are required. 

8. AC measurements assume tT = 6ns. 

9. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. twcs. tRWD, tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If t\vcs^ twcS (min.), the cycle is an early 
write cycle and the .data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD^ tRWD (min.), tcwD^tcWD (min.) , tAWD^ tAWD (min.) and tcpwD^tcpwD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC. 

16. Operation within the Irad (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TC514400APUAJL/ASJL/AZL-10 







TC514400APL/AJL/ASJLyAZL-70, TC514400APL/AJL/ASJL/AZL-80 

TC514400APL/AJL/ASJL/AZL-10 






TC514400APL/AJL/ASJUAZL-70, TC514400APL/AJUASJL/AZL-80 
TC514400APL/AJUASJL/AZL-10 







TC51 4400APL/AJL/ASJL/AZL-r0, TC51 4400APUAJUASJL/AZL-80 

TC514400APUAJUASJUAZL-10 





TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJL/AZL-80 
TC514400APL/AJL/ASJL/A2L-10 


FAST PAGE MODE READ CYCLE 
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJL/AZL-80 

TC514400APL/AJL/ASJL/AZL-10 


FAST PAGE MODE WRITE CYCLE 



"H" or "L" 
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TC514400APL/AJL/ASJLyAZL-70, TC514400APL/AJUASJL/AZL-80 
TC514400APL/AJL/ASJL/AZL-10 
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TC514400API-/AJLyASJL/AZL-70, TC514400APL/AJL/ASJL/AZL-80 

TC514400APL/AJL/ASJLyAZL-10 









TC514400APLyAJLyASJLyAZL-70, TC514400APL/AJUASJUAZL-80 
TC514400APL/AJL/ASJL/AZL-10 


HIDDEN REFRESH CYCLE (READ) 




TC514400APUAJUASJL/AZL-70, TC514400APL/AJL/ASJL/AZL-80 

TC514400APL/AJL/ASJL/AZL-10 



HIDDEN REEFRESH CYCLE (WRITE) 





TC514400APL/AJL/ASJLyAZL-70,TC514400APL/AJL/ASJL/AZL-80 
TC514400APLyAJLyASJL/AZL-10 


CSS BEFORE 555 REFRESH COUNTER TEST CYCLE 
















TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJLyAZL-80 

TC514400APL/AJL/ASJL/AZL-10 





TC514400APL/AJL/ASJL/AZL-70, TC514400APLyAJL/ASJUAZL-60 
TC514400APL/AJL/ASJL/AZL-10 


TEST MODE 

The TC514400APL/AJL/ASJL/AZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode’*, data are written into 8 sectors in parallel and 
retrieved the same way. Aoc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
‘*0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of 
TC514400APL/AJL/ASJL/AZL. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a512KX4 
DRAM. 

’*\VRITE, CaS Before Ha 5 Refresh Cycle puts the device into “Test Mode”. And “CaS Before IIAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WrITE, CaS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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TC514400APL/AJL/ASJL/AZL-70, TC514400APL/AJL/ASJL/AZL-80 

TC514400APL/AJUASJL/AZL-10 

















NOTES 



1 ,048,576 WORD x 4 BIT DYNAr4IC RAT-I 


* This is advanced information and specifications 
are subject to change without notice. 


DESCRIPTION 

The TC514402J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514402J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include sinlge power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 


1 

TC514 402JXZ-80X-10 


RAS Access Time 

80ns 

100ns 


Column Address 
Access Time 

40ns 

50ns 

^CAC 

^ Access Time 

20ns 

25 ns 

tRC 

Cycle Time 

150ns 

180ns 

tsc 

Static Column 
Mode Cycle Time 

45ns 

55ns 


• Single power supply of 5V±10% with a 


built-in Vgg generator 


• Low Power 

578mW MAX. Operating (TC514402J/Z-80) 
495mW MAX. Operating (TC514402J/Z-10) 
5.5mW MAX. Standby . 

• Outputs unlatched at cycle end allows 

two-dimensional chip selection 

• Read- Modify-Write, before PAS refresh, 

RAS-only refresh. Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514402J 

Plastic ZIP: TC514402Z 


PIM COMMECTION (TOP VIEW) 


Plastic SOJ 

^Vss 
bl/04 
24 b 1X03 
23p(TS‘ 
220^7^ 



Plastic ZIP 

Oe 
1X03 

Vss 
1/02 
RAS 


IJ 

n 

I] 

73 

AO pi] 
A2 

Vcc 

A5 


P 

p 

A7p 


LX TJg’ 

[4 1X04 
1/01 

[STOTTE 
DIQ A9 
[1?: Ai 
S? A3 
[16 A4 
M A6 
[»■ A8 


PIN NAf^ES 


AO A9 

Address Inputs 

R5S 

Row Address Strobe 

CS 

Chip Select 

WRITE 

Read/Write Input 

OE 

Output Enable 

I/Ol 'V, 1/04 

Data Input/Output 

vcc 

Power (+5V) 

Vss 

Ground 


BLOCK DIAGRAM 


''cc 

f I 


WRITE O- 


es 


£ 


No. 2 CLOCK 
GENERATOR 


AOC 
Alo— 
A20-* 
A30-* 
A4C 
A5o-^ 
A6c 
A7c 
A8 c 
A90-4 


—\| COLUMN 
10)^ ADDRESS 
BUFFERS 


BUFFERS (I0)r 


REFRESH 

CONTROLLER 


LB 


REFRESH 

COUNTERCIO) 


ROW 

ADDRESS^ 


10; | BUi^ERS(lO) 


I/Ol 1/02 1/03 1/04 

? ; f ?, 


1 DATA 

IN 1 

1 BUFFERS 1 





DATA OUT 
BUFFERS 


u 




>OE 


10 




COLUMN 

DECODER 


SENSE AMP. 
I/O GATE 


10. 


RaSo-h 


No. 1 CLOCK 
GENERATOR 


pc: 

38 

Cd 

Q 


1024 


-1024- 
X 4 


MEMORY 

ARRAY 

1024x1024x4 


SUBSTRATE BIAS 
GENERATOR 

























TC514402J/Z-^0 

TC514402J/Z-10 



ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 



SYMBOL 


ViN 


VoUT 


VCC 


"opr 


TsOLDER 


Pd 


Tout 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0-v lO'C) 



SYMBOL 

PARAMETER 

vcc 

Supply Voltage 

ViH 

Input High Voltage 

ViL 

Input Low Voltage 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta°0‘V70°C) 


SYMBOL 

PARAMETER | 

BWII 

nw!i 

UNITS 

MSM] 

TcCl 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: MIN,) 

TC514402J 

/^-80 

- 

105 

mA 

3,4,5 

TC514402J 

/Z-IO 

- 

90 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5»C5 =Vih) 

■ 


mA 

■ 

TcC3 

RAS ONLY REFRESH CURRENT _ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS^Vx^: tRc*tRc MIN.) 

TC514402J 

/Z-80 

- 

105 

mA 

H 


- 

90 

TcC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS«C§=Vxx., Address Cycling: tsc»tsc MIN.) 

TC514402J 

/Z-80 

- 

85 

mA 

3,4,5 

TC514402J 

/Z-10 

- 

75 

B 

STANDBY CURRENT 

Power Supply Standby Current 
(RA§=ES-Vcc-0.2V) 

B 

B 

mA 

■ 

B 

CS BEFORE RAS REFRESH CURRENT _ 

Average Power Supply Current, CS Before RAs Mode 
(RAS, CS Cycling: tRc“tRc MIN.) 

TC514402J 

/Z-80 

- 

105 

mA 

3 

TC514402J 

/Z-10 

- 

90 

^KL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V$ VxN= 6.5V, All Other Pins not under Test«0V) 

-10 

10 

yA 

■ 


OUTPUT LEAKAGE CURRENT 

(Dqux is disabled, OV£Vqut- 5.5V) 

-10 

10 

VA 

B 

''oh 

OUTPUT LEVEL 

Output *'H*' Level Voltage (lQu.X~"’5mA) 

m 

- 

D 

B 

VoL 

OUTPUT LEVEL 

Output "L” Level Voltage (louT*^*^^^ 

- 

0.4 

B 
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TC514402J/Z-^0 

TC514402jyZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

•=RC 

Random Read or Write Cycle Time 

•^EMW 

Read-Modify-Write Cycle Time 


Static Column Mode Cycle Time 

•^SEMW 

Static Column Mode Read-Modify-Write 
Cycle Time 

*^RAC 

Access Time from tlAs 

•^CAC 

Access Time from CS" 

caa 

Access Time from Column Address 

’^ALW 

Access Time from Last Write 

0^9911 

CaS to Output in Low-Z 

’^OFF 

Output Buffer Turn-off Delay 

*^AOH 

Output Data Hold Time from Column 

Address 

•^OW 

Output Data Enable Time from WRITE 

tT 

Transition Time (Rise and Fall) 


RAS Precharge Time 

tRAS 

RAS Pulse Width 

*^RASC 

RAS Pulse Width (Static Column Mode) 

*^RSH 

Ms Hold Time 

^CSH 

CS Hold Time 


CS Pulse Width 

EHSBB 

Pulse Width (Static Column Mode) 

I^RCD 

RAS to CS Delay Time 

BH 

RAS to Column Address Delay Time 


CS to RAS Precharge Time 

B39I 

CS" Precharge Time 

tASR 

Row Address Set-Up Time 

•^RAH 

Row Address Hold Time 

•^ASC 

Column Address Set-Up Time 

*^CAH 

Column Address Hold Time 

^AWR 

Write Address Hold Time referenced to 

RA§ 

tAR 

Column Address Hold Time referenced to 
RAS 

^RAL 

Column Address to tlAS Lead Time 


(Vcc"5V±10%, Ta»0-v70'C)(Notes 6, 7, 8) 


TC514402J/Z TC514402J/Z 

-80 -10 



































































































































TC514402J/Z-80 

TC514402J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
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TC514402J/Z-80 

TC514402J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Vcc=5V+10%, Ta-0-70“C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514402J/Z 

-80 

TC514402J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tsc 

Static Column Mode Cycle Time 

50 

- 

60 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9,14.15 

tCAC 

Access Time from ^ 

- 

25 

- 

30 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

tRAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


tRASC 

TAS Pulse Width (Static Column Mode) 

85 

200,000 

105 

200,000 

ns 


tRSH 

TAS Hold Time 

25 

- 

30 

- 

ns 


tCSH 

CS Hold Time 

85 

- 

105 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tcsc 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 
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TC514402J/Z-80 

TC514402J/Z-10 


CAPACITANCE (ycc*5V±10%, Ta«0^70®C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0'V/A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, WRITE, OE) 

- 

7 

Co 

Input Output Capacitance (1/01^1/04) 

- 

7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3* ICC 1 » ^CC 3 » ^CC 4 » ^CC 6 depend on cycle rate. 

4. IcCl> ^CC4 depend on output loading. Specificied values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS^^il, 

6 . An initial pause of 200ps is required after power-up followed by 8 RAS only 
refresh cycles before proper device operation is a chiev ed. In case of using 
internal refresh counter, a minimum of 8 CS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7 . AC measurements assume t'j=*5ns. 

8 . a^d ViL(max.) are reference levels for measuring timing of input sig¬ 
nals. Also, transition times are measured between Vjjj and Vjl* 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. tQpp(max.) and tQg^C^^x.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

11. Either t^^jj or tj^g must be satisfied for a read cycle. 

12. These parameters are referenced to ^ leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

13. tRvn), tcyi) and t/^yj) are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If )» 

the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If tpyp^tRyD(min.), t 0 yj)^tQy£)(rain.) and 
1 AWD«^AWd(^ 1^* ) I the cycle is a Read-Modify-Write cycle and the data out will con¬ 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tgCDC^^^x.) limit insures that tRAcC^^^x*) can be met. 
tRcp)(max.) is specified as a reference point only; If tRCD is greater than the 
specified tRcgCmax.) limit, then access time is controlled by t^AC* 

15. Operation within the tRAoCmax.) limit insures that tRAcC^iax.) can be met. 
tRAoC^ax.) is specified as a reference point only; If tgAD greater than the 
specified tRAoCmax.) limit, then access time is controlled by tAA* 

16. Operation within the t^y^Cmax.) limit insures that tALy(max.) can be met. 
t^yAoCniax.) is specified as a reference point only; If tj^y^ is greater than the 
specified tLyAoCniax.) limit, then access time is controlled exclusively by tAA* 

17. tAH is the condition to latch column address when RAS has rised up. 
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WRITE 

OE 

I/O 1-1/04 


VlL 

ViH 

ViL 

VOH 



VoL — 


\^^RITE CYCLE (EARLY WRITE) 
























TC514402J/Z-«0 

TC514402J/Z-10 
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TC514402J/Z-80 

TC514402J/Z-10 


STATIC COLUMN MODE READ CYCLE 











TG514402J/Z-60 

TC514402J/Z-10 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE' 

























TC514402J/Z-80 

TC514402J/Z-10 


STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 


RAS 


A0-A9 




WRITE 


OE 


1/01-1/04 
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TC514402J/Z-80 

TC514402J/Z-10 


STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
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TC514402J/Z-^0 

TC514402J/Z-10 













TC514402J/Z-80 

TC514402J/Z-10 


HIDDEN REFRESH CYCLE (READ) 



A-412 








TC514402J/Z-80 

TC514402J/Z-10 



















TC514402J/Z-80 

TC514402J/Z-10 



iA)i-iyo4 - 

VjL — 

READ-MODIFY-WRITE CYCLE 

r __ ''m—in/n 


tps I tPH 

■F- 

( VALIP PATA-IN 


1 

- „ , 

^AWP 

^RCS 

^CWP 



if 

1 ^AA 




1 '• 




Will 


u 

^OEP 

tCLZ 

tCAC 


‘OEZ tps 

bRil 


1 / 01 - 1/04 


r VALIP 
' PATA-IN 


(771 ; or 


VALIP PATA-OUT 
















TC514402J/Z-80 

TC514402J/Z-10 


WRITE, CS BEFORE RAS REFRESH CYCLE 



Note: OE, A0'''A9: "H" or "L" 



TC514402J/Z-80 

TC514402J/Z-10 



Note: OE="L" ^ 


WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 































TC514402J/Z-80 

TC514402jyZ-10 



DATA 1 VALID DATA 2 


Note: OE="L" ^ : ’H* or 'L' 
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TC514402J/Z-10 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TC514402J/Z-10 


TEST MODE 

The TC514402J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In *'Test Mode**, data are written into 8 sectors 
in parallel and retrieved the same way. AOC is not used. If, upon reading, two 
bits on one I/O pin are equal (all *'l**s or **0*'s), the I/O pin indicates a **!**• 

If they were not equal, the I/O pin would indicate a "O'*. Fig. 1 shows the block 
diagram of TC514402J/Z. In "Test Mode", the IMx 4 DRAM can be tested as if it were 
a 512KX 4 DRAM. 

"WRITE, Before RAS Refresh Cycle" puts the device into "Test Mode". And "CS 
Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, "WRITE, C5 Before RAS Refresh Cycle" performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function re¬ 
duces test times (1/2 in case of N test pattern). 


A-419 
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TC514402J/Z-10 



Fig, 1 
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1048,576 WORD x 4 BIT DYNAMIC RAM 


* This is advanced information and specifica¬ 
tions are subject to change without notice. 


DESCRIPTION 

The TC514402AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon pte process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514402AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5VilO% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 
» Fast access time and cycle time 



TC514402AP/AJ/ASJ/ AZ - 60 

tRAC Access Time 

60ns 

tAA Column Address Access Time 

30ns 

tcAC C5 Access Time 

20ns 

tRc Cycle Time 

110ns 

tsc Static Column f/lode 

Cycle Time 

35ns 


PIN NAMES 


A0~A9 

Address Inputs 

OE 

Output Enable 

RAS 

Row Address Strobe 

O 

T 

o 

Data InputyOutput 

C§ 

Chip Select 

Vcc 

Power (+ ^V) 

WRITE 

ReadA/Vrite Input 

Vss 

Ground 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

o Low Power 

660mW MAX. Operating 

(TC514402AP/AJ/ASJ/AZ ~ 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chip selection 

• Read-Mo dify-W rite. CS before RAS 
refresh, RAS-onW refresh. Hidden 
refresh, Static Column Mode and 
Test Mode capability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514402AP : DIP20-P-300C 

TC514402AJ : SOJ26-P-350 

TC514402ASJ : SOJ26-P-300A 
TC514402AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 


1/01 1/02 !/03 



--1 



if 

3.J 

W 

LJ 

•e"" 

7„J 

[a"* 

9.J 

Tij 

Dp! 


[lY 


[iV 


Da 

j}] 

Da 

'isl 

Da 


es 

1/04 

l/Ot 

WRUf 

.A9 

A1 

A3 

A4 

A6 











TC514402AP/AJ/ASJ/AZ-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 




Input Voltage 

V,N 

-1-7 

V 

1 

Output Voltage 

VoUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

“C 

1 

Storage Temperature 

Tstg 

-55-150 

"C 

1 

Soldering Temperature‘Time 

Tsolder 

260*10 

X •sec i 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 i 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 


Supply Voltage 

4.5 

5.0 

5.5 

V 

2 


Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514402AP/AJ/ASJ/AZ-60 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

. .. . . . . . . . . . . 1 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tRc = tRC MIN.) 

TC514402AP/AJ/AS J/AZ-60 

- 

120 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = ^'=V,h) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, ^=Vih; tRc = tRc MIN.) 

TC514402AP/AJ/AS J/AZ-60 

- 

120 

mA 

3. 5 

•CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, STATIC COLUMN 

Mode (RAS = C?=V|L, Address Cycling: tsc^tsc MIN.) 

TC514402AP/Aj/AS J/AZ-60 

- 

95 

mA 

3. 4 

5 

1CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RM = CS = Vcc-0.2 V) 

- 

1 

mA 


ICC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, ^ Before RM 
Mode(RM, CS Cycling: tRc = tRc MIN.) 

TC514402AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3, 5 

'l (L) 

INPUT LEAKAGE CURRENT 

input Leakage Current, any input 

(OVs:. ViN^e.SV, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


'O (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled. OVS Vout= 5.5V) 1 

- 10 

10 

pA 


You 

OUTPUT LEVEL 

Output “H" Level Voltage (Iqut = -5mA) 

2.4 

- 

V 


Yol 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut == ^•2mA) 

- 

0.4 

V 
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TC514402AP/AJ/AS J/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V±10%, Ta = 0--70"c) (Notes 6 , 1 , 8) 




TC514402AP/AJ/ASJ/AZ-60 


Random Read or Write Cycle Time 


Read*Modify-Write Cycle Time 


Static Column Mode Cycle Time 


Static Column Mode Read-Modify-Write 
Cycle Time 



fpAC 

Access Time from RAS 

- 

60 

ns 

.. 

9,14 

15 

kAC 

Access Time from ^ 

- 

20 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

30 

ns 

9,15 

tALW 

Access Time from Last Write 

- 

55 

ns 

9,16 

tCLZ 

CS to output in Low-Z ' 

0 

- 

ns 

9 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

ns 

10 


Output Data Hold Time from Column 
Add res 

Output Data Enable Time from WRITE 
Transition Time (Rise and Fall) 

RAS Precharge Time 

RAS Pulse Width _ 

RAS Pulse Width (Static Column Mode) 


CS to RAS Hold Time 


RAS to CS Hold Time 


CS Pulse Width 


^ Pulse Width (Static Column Mode) 


RAS to (Is Delay Time 


RAS to Column Address Delay Time 


CS to RAS Precharge Time 


i£S Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 



^ASC 

Column Address Set-Up Time 

0 

- 

ns 


kAH 

Column Address Hold Time 

15 

- 

ns 


Ur 

Column Address Hold Time referenced 
to RA? (READ CYCLE) 

70 

- 

ns 


fRAL 

Column Address to RAS Lead Time 

30 

- 

ns 
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TC514402AP/AJ/ASJ/AZ-60 


TC514402AP/AJ/ASJ/AZ-60 


iUNITS NOTES 


tAHLW 

Last Write to Column Address Hold 

Time 

55 

- 

ns 


tRCS 

Read Command Set-up Time referenced 

to CS 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to CS 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 
(Output Data Disable) 

10 

- 

ns 

13 

twp 

Write Command Pulse Width 

10 

- 

ns 



twi 

Write Command Inactive Time 

I'RWL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CS Lead Time 

tos 

Data-In Set-Up Time 


Refresh Period 


twcs 

Write Command Set-UP Time 

(Output Data Disable) 

tcwD 

CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

tRWO 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE Cycle) 

^AWD 

Column Address to WRFTE Delay Time 


CS Set-Up Time(CS before RAS) 
K Hold TimefCS' before '^S) 


"RAS to CS Precharge Time 



tCPT 

CS Precharge Time (CS before RAS 

Counter Test Cycle) 

1 

30 

I. 


ns 


tROH 

RAS Hold Time referenced to Of 

10 

- 

ns 


tOEA 

[ 0¥ Access Time 


20 

ns 


tOED 

i OE to Data Delay 

1 20 


ns 


tOEZ 

Output Buffer turn off Delay Time 
from ^E 

0 

1 

20 

ns 

10 

tOEH 

OE Command Hold Time 

1 20 

- 

ns 
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TC514402AP/AJ/ASJ/AZ-60 


SYMBOL 

PARAMETER 

TC514402AP/AJ/ASJ/AZ-60 





^WTS 

Write Command Set-Up Time 

10 


m 


tWTH 

Write Command Hold Time 

10 

- 

ns 


twRP 

WRITE to RAS Precharge Time 

10 

- 

ns 


twRH 

WRITE to RAS Hold Time 

10 

- 

la 
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TC514402AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vrr = 5V± 10%. Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TCS 14402AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 

- 

ns 


tsc 

Static Column Mode Cycle Time 

40 

- 

ns 


tRAC 

Access Time from C? 

- 

65 

ns 

9,14 

15 

kAC 

Access Time from CS 

- 

25 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

35 

ns 

9,15 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASC 

RAS Pulse Width (Static Column Mode) 

65 

200,000 

ns 


tRSH 

RA"S Hold Time 

25 

- 

ns 


tcSH 

« Hold Time 

65 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

ns 


tcsc 

CS Pulse Width (Static Column Mode) 

25 

200,000 

ns 


tRAL 

Column Address to ^S Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V± 10%, f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A9) 

- 

5 

PF 

C,2 

Input Capacitance (RAS, CS, WRITE, OE‘) 

- 

7 

pF 

Co 

Input/Output Capacitance (l/01~l/04) 

- 

7 

pF 
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TC514402AP/AJ/ASJ/AZ-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device, 

2. All voltages are referenced to Vss- 

3. Iccif ICC3, ICC4, ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CS 
before RA§ refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 


13. twCS> tRWD» tcwD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs= twcs (min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRWD^ tRWD (min.), tcwD—tcWD (min.) and tAWD—tAWD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 

\ conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 

16. Operation within the tLWAD (max.) limit insures that tALW (max.) can be met. 

tLWAD (max.) is specified as a reference point only: If tRAD is greater than the specified tLWAD 
(max.) limit, then access time is controlled by tAA* 

17. tAH is the condition to latch column address ewhen RAS has rised up. 
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READ CYCLE 



TC514402AP/AJ/ASJ/AZ-60 














TC514402AP/AJ/ASJ/AZ-60 


WRITE CYCLE (OE CONTROLLED WRITE 


















TC514402AP/AJ/ASJ/AZ-60 


STATIC COLUMN MODE READ CYCLE 



A-431 




TC514402AP/AJ/ASJ/AZ-60 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

















TC514402AP/AJ/ASJ/AZ-60 


STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 












TC514402AP/AJ/ASJ/AZ-60 


STATIC COLUMN MODE READAVRITE MIXED CYCLE 
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TC514402AP/AJ/ASJ/AZ-60 




TC514402AP/AJ/ASJ/AZ-60 







TC514402AP/AJ/ASJ/AZ-60 
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TC514402AP/AJ/ASJ/AZ-60 


HIDDEN REEFRESH CYCLE (WRITE 






WRITE CYCLE 






















TC514402AP/AJ/ASJ/AZ-60 


TEST MODE 

The TC614402AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOC is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 
or “0”s), the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC514402AP/AJ/ASJ/AZ. In “Test Mode”, the 1MX4 DRAM can be tested 
as if it we re a 512KX 4 DRA M. 

“WRITE, CS Befo re R AS Refresh Cycle” puts the device into “Test Mode”. And “C5 Before RAS 
Refresh Cycle “or “R AB O nly Refresh Cycle” put it back into “Normal Mode”. In the Test Mode, 
“WRITE, C5 Before RAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in cace of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 






























1048,576 WORD x 4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514402AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon g&te process technology as well as 
advanced circuit techniques to provide wide operating margins,'both internally and to the system user. 
Multiplexed address inputs permit the TC514402AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



res 14402AP/AJ/ASJ/ AZ - 70/ - 80/ - 101 

tRAC RAS Access Time 

70ns 

80ns 

100ns 

tAA Column Address Access Time 

35ns 

40ns 

50ns 

^CAC ^ Access Time 

20ns 

20ns 

25ns 

tRc Cycle Time 

130ns 

150ns 

180ns 

tsc Static Column Mode 

Cycle Time 

40ns 

45ns 

55ns 


PIN NAMES 


A0-A9 

Address Inputs 

m 

Output Enable 


Row Address Strobe 

I/O 1~ 1/04 

Data Input/Output 


Chip Select 

Vec 

Power {■•■5V) 

write 

Read/Write Input 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


• Single power supply of 5V ± 10% 
with a built-in VgB generator 

• Low Power 

550mW MAX. Operating 

(TC514402AP/AJ/ASJ/AZ - 70) 
468mW MAX. Operating 

(TC514402AP/AJ/ASJ/AZ ~ 80) 
413mW MAX. Operating 

(TC514402AP/AJ/ASJ/AZ -10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection _ 

• Read-Mo difv-W rite. US before RAS 
refresh, RAS-onW refresh, Hidden 
refresh. Static Uolumn Mode and 
Test Mode capability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514402AP : DIP20-P-300C 

TC514402AJ : SOJ26-P-350 

TC514402ASJ : SOJ26-P-300A 
TC514402AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 





m 


1/03 

?=:! r4== 

Vs$ 

h-: fi'- 

1/02 


HS5 

[lo' 

AO 

m .jV 

A2 


Vcc 

r,V 

AS 

m r,v 

A7 



C5 

1/04 

1/01 

WRITF 

A9 

A1 

A3 

A4 

A6 

A8 


W1/I01 W2/I02 W3/I03 W4/I04 




























TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1W 

V 

1 

Output Voltage 

VOUT 

-1^7 

V 

1 

Power Supply Voltage 

Vcc 

-I-? 

V 

1 

Operating Temperature 

Topr 

0~70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature-Time 

^SOLDER 

260-10 

•C'sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0--70‘’c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 

TC514402AP/AJ/ASJ/AZ-10 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(ftA§, Address Cycling: tRc = tRc MIN.) 

TCS14402AP/AJ/AS J/AZ-70 

- 

100 

mA 

3, 4 

5 

TC514402AP/AJ/AS J/A2-80 


85 

TCS 14402AP/AJ/ASJ/AZ-10 

- 

75 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra?=C5=Vih) 

- 

2 

mA 


ICC3 

ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA? Cycling, ?!5 = Vih: tRc^tRc MIN.) 

TCS 14402AP/AJ/ASJ/AZ-70 


100 

mA 

3, 5 

TCS 14402AP/Aj/ASJ/AZ-80 


85 

TCS 14402AP/AJ/ASJ/AZ-10 

- 

75 

kC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, STATIC COLUMN 
Mode(RA5=^ = ViL, Address Cycling: tsc^tsc MIN.) 

TCS 14402AP/AJ/ASJ/AZ-70 

- 

85 

mA 

3, 4 

5 

TCS 14402AP/AJ/ASJ/AZ-80 

- 

75 

TCS 14402AP/AJ/AS J/AZ-10 


70 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
{RA?=^= Vcc “0.2V) 


1 

mA 


H 

BEFORE REFRESH CURRENT 

Average Power Supply Current, t? Before iftAS 

Mode (RA§, XS Cycling; tRc = tRc MIN.) 

TCS 14402AP/AJ/AS J/^-70 


100 

mA 

3, 5 

TCS 14402AP/AJ/AS J/AZ-80 


85 

TCS14402AP/AJ/ASJ/AZ-10 

- 

75 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
{0 VSV,n:S 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


•o (U 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0 V:SVoutS5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output "H* Level Voltage (lour = -SmA) 

2.4 


V 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (lour *^-2fTiA) 

“ 

0.4 

V 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/AS J/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0-70®c) (Notes 6, 1 , 8) 


PARAMETER 


Random Read or Write Cycle Time 
Read-Modify*Write Cycle Time 

Static Column Mode Cycle Time _ 

Static Column Mode Read-Modify-Write 
Cycle Time __ 

Access Time from RAS 

Access Time from CS 
Access Time from Column Address 
Access Time from Last Write 
to output in Low-Z 
Output Buffer Turn-off Delay 
Output Data Hold Time from Column 
Add res 

Output Data Enable Time from WRITE 
Transition Time (Rise and Fall) 

RAS Precharge Time 
RaS Pulse Width 

RAS Pulse Width (Static Column Mode) 
C? to RAS Hold Time 
Ra? to C!» Hold Time 
^ Pulse Width 

C? Pulse Width (Static Column Mode) 

RAS to Delay Time 

RAS to Column Ad dress Delay Time 

tf to RaS Precharge Time 

S Precharge Time 

Row Address Set-Up Time 

Row Address Hold Time 

Column Address Set-Up Time 

Column Address Hold Time 

Column Address Hold Time referenced 

to Ra? (READ CYCLE) _ 

Column Address to RaS Lead Time 
Column Address Hold Time referenced 
to Ra 5 Rise 


TC514402AP/ TC514402AP/ TC514402AP/ 

AJ/ASJ/AZ-ZO AJ/ASJ/AZ-80 AJ/ASJ/AZ-10 

MIN. I MA^ MInT I max! MIN I MA)C 
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SYMBOL 

PARAMETER 

ttWAO 

Last Write to Column Address Delay 

Time 

tAHLW 

Last Write to Column Address Hold 

Time 

tRCS 

Read Command Set-up Time referenced 

to 0? 


TC514402AP/ TC514402AP/ TC514402AP/ 


MIN. MAX. MIN. MAX. MIN. MAX. 


Read Command Hold Time referenced 
to C? 



twp 

Write Command Pulse Width 

twi 

Write Command Inactive Time 

tftWL 

Write Command to RA§ Lead Time 

tCWL 

Write Command to 05 Lead Time 

tos 

Data-In Set-Up Time 

^OH ! 

Data-In Hold Time 

tREF 

Refresh Period 

^WCS 

Write Command Set-UP Time 

(Output Data Disable) 



tAWO 

Column Address to WRitE Delay Time 

kSR 

05 Set-Up Time{05 before RAS) 

kHR 

05 Hold Time(05 before RAS) 

tRPC 

Ra 5 to 05 Precharge Time 



RA? Hold Time referenced to C? 


U? Access Time 


^ to Data Delay 


Output Buffer turn off Delay Time 
from 01 


01 Command Hold Time 


UNITS 

NOTES 

ns 

16 


05 to WrTTF Delay Time 
(READ-MOOIFY-WRITE CYCLE) 

50 

1 

50 


























































































TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/A2-80 
TC514402AP/AJ/ASJ/AZ-10 


SYMBOL 

PARAMETER 

TC514402AP/ 

AJ/ASJ/AZ-70 

TC514402AP/ 

AJ/ASJ/AZ-80 

TC514402AP/ 

AJ/ASJ/AZ-tO 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

IP1 

Write Command Set-Up Time 

■Q 

- 

wm 

- 

wm 


Si 


twTH 

Write Command Hold Time 

wm 

~ 

wm 

- 

wm 


m 


twRP 

WRitl to RAli Precharge Time 

■Q 

- 

■a 

- 

wm 




twRH 

WRITE to RAS Hold Time 

mu 

- 

wm 


wm 

- 

m 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 

TC514402AP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST l\/10DE (Vrr = 5V+10%. Ta = O-TO^c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514402AP/ 

AJ/ASJ/AZ-70 

TC514402AP/ 

AJ/ASJ/A2-80 

TC514402AP/ 

AJ/ASJ/AZ-10 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

mm 


wm 

- 

Bl 


tRMW 

Read-Modify-Write Cycle Time 

■tBIl 

- 

moi 

- 

Bl 

- 

H 


tsc 

Static Column Mode Cycle Time 

HI 

- 

H 

- 

mm 

- 

H 


tSRMW . 

Static Column Mode Read-Modify-Write 
Cycle Time 

105 

- . 

,15 

- 


- 

D 


■ 

Access Time from 

- 

75 

- 


- 

105 

ns 

9,14 

15 


Access Time from ^ 

- 

25 

- 

25 

- 

30 

m 

9,14 

Ua 

Access Time from Column Address 

- 

40 

- 

45 

- 

50 

H 

mm 

tALW 

Access Time from Last Write 

- 

70 

- 

80 

- 

100 

H 

9,16 

tRAS 

^ Pulse Width 

ma 


mm 

10,000 

1103 

10,000 

H 


tRASC 

Pulse Width (Static Column Mode) 

75 

200,000 

mm 


HE3 

200,000 

ra 


tRSH 

RA? Hold Time 

25 

- 

mm 

- • 

H 

- 

m 


kSH 

^ Hold Time 

75 

- 

mm 

- 

mm 

- 

m 

HH 

tcs 

Pulse Width 


10,000 

mm 

10,000 

■a 

10,000 

H 

BH 

ksc 

^ Pulse Width (Static Column Mode) 

H 

200,000 

mm 

200,000 

30 

200,000 j 

H 

bbi 

tRAL 

Column Address to flAS Lead Time 

H 

- 

ma 

- 

55 

- 

m 

BBI 

tcWD 

?!? to Write Oelay Time 

IH 

- 

60 

- 

HI 

- 

m 


tRWO 

to Write Dalay Time 

lUQ 

- 

mm 

- 

mm 

- 

Bl 

mm 

tAWO 

Column Address to WRITE Delay Time 

IH 

- 

H 

- 

H 

- 

m 

mm 

tOEA 

OE Access Time 

- 

25 

- 

25 

- 

30 

IH 

ilHH 

tOED 

Ue to Data Delay 

ma 

- 

iH 

mim 

H 

- 

m 

IIBB 

tOEH 

GE Command Hold Time 

am 

- 

H 

IHBH 

iHI 

- 

ira 

IBBI 


CAPACITANCE (Vrr = 5V± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0'-A9) 

- 

5 

PF 

C|2 

Input Capacitance (RaS, WRITE, UE) 

- 

7 

PF 

Co 

Input/Output Capacitance (1/01—1/04) 

- 

7 

PF 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci» ICC3> IcC4i ICC6 depend on cycle rate. 

4. Icci> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RaS=Vil and US=Vn-i. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
before RaS refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and ViL(max.)are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tgRH must be satisfied for a read cycle. 

12. These parameters are referenced to US leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. t\vcs. tRWD. tcwD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs—twcs (min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRWD^ tRWD (min.), tcwD^ tcwD (min.) and tAWD^ tAWD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the Ircd (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 

16. Operation within the t^WAD (max.) limit insures that tALW (max.) can be met. 

tiAVAD (max.) is specified as a reference point only: If tRAD is greater than the specified tbWAD 
(max.) limit, then access time is controlled by tAA* 

17. tAH is the condition to latch column address ewhen RA$ has rised up. 
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READ > MODIFY-WRITE CYCLE 
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STATIC COLUMN MODE READ - MODIFY ■ WRITE CYCLE 
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STATIC COLUMN MODE READAVRITE MIXED CYCLE 
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BaS only refresh cycle 


t»c 
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HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE: 
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TEST MODE 

The TC514402AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOC is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 
or “0”s), the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC514402AP/AJ/ASJ/AZ. In “Test Mode”, the 1MX4 DRAM can be tested 

as if it were a 512KX4 DRAM. _ 

“WRITE, US BeforeRSS Refresh Cycle” puts the device into “Test Mode”. And “UU Before RAS 
Refresh Cycle “or “R AS O nly Refresh Cycle” put it back into “Normal Mode”. In the Test Mode, 
“Write, C5 Before RA$ Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times(1/2 in cace of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 



Fig. 1 
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* This is advanced information and specifications 
are subject to change without notice. 

1,048,576 WORD X4 BIT DYNAMIC RAM 
DESCRIPTION 

The TC514410J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514410J/Z to be pack¬ 
aged in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size 
provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup¬ 
ply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 

FEATURES 


1,048,576 word by 4 bit organization 
Fast access time and cycle time 




TC514410J/Z-80/-10 

80ns 

100ns 

40ns 

50ns 

20ns 

25ns 

150ns 

180ns 

50ns 

60ns 


^ . Column Address 

^ Access Time 

t^CAC I CA§ Access Time 


Fast Page Mode 
Cycle Time 


• Single power supply of 5V±10% with a 
built-in Vbb generator 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 


11 ^ 
[T W4/104 
Qwj/loi 

a 

[lo' A9 

Da 

[iT A3 
[16* A4 
[iV A6 

[20 A8 


wKioi I 

fT 

rrrrsk 

26 

3 Vss 


w /102 t 

2 

25 

1WV104 

W3/03 

WE/VEI 

3 

24 

]WM03 

Vss 

RA§[ 

4 

23 

3^ 

\\ZA02 

A9 [ 

5 

22 

30E 

RAS 

A0£ 

9 

18 

3A8 

AO 

Alt 

10 

17 

]A7 

A2 

A2 [ 

11 

16 

]A6 

Vcc 

A3t 

12 

15 

]A5 

A3 

vcct 

13 

< _ 

14 

]A4 

A7 


PIN NAMES 

AO'x. A9 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

wl/wl 

Write Per’ Bit/Read/ 

Write Input 

OE- 

Output Enable 

Wl/IOl% 

Write Selection/ 

W4/I04 

Data Input/Output 

VCC 

Power (+5V) 

Vss 

Ground 


Low Power 

578mW MAX. Operating (TC514410J/Z-80) 
495mW MAX. Operating (TC514410J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional c hip selecti on 
Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514410J 
Plastic ZIP: TC514410Z 


BLOCK DIAGRAM 


W^I02 W4/I04 

Wl/IOI WVI03 


^OC ^SS 

11 


DATA IN 
BUFFERS 


DATA OUT 
BUFFERS 


I No. 2 CLOCK 
I GENERATOR 


COLUMN 
10 ; ADDRESS 
- / BUFFERS CXO) 

REFRESH 

CONTROLLER 


REFRESH 
COUNTER (10) 

ROW - 

ADDRESS , 
BUFFERS(10) " 


No. 1 CLOCK 
GENERATOR 


_K COLUMN 

10) DECODER 

SENSE AMP. 
I/D GATE 

...1024... 
X 4 


00 1024 

o 


MEMORY 

ARRAY 

1024X1024X4 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 

ITEM 

SYMBOL 

Input Voltage 

ViN 

Output Voltage 

VOUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

Topr 

Storage Temperature 

tstg 

Soldering Temperature*Time 

TsOLDER 

Power Dissipation 

Pd 

Short Circuit Output Current 

Tout 


BATING 









RECOMMENDED DC OPERATING CONDITIONS (Ta*(n^70"C) 



DC ELECTRICAL CHARACTERISTICS (Vcc“5V±10%, Ta»0^70"C) 


SYMBOL 

PARAMETER | 

BBBI 


UNITS 

NOTES 1 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RASj CAS, Address Cycling: MIN.) 

TC514410J/Z-80 

- 

105 



TC5i4410J/Z-10 


90 

^CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vxh) 

B 

B 

mA 



RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS~Vxhi MIN.) 

TC514410J/Z-80 

B 

jm 

mA 

3.5 

TC514410J/Z-10 

- 

90 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS«Vxl, Address Cycling: tpc*tpQ MIN.) 

TC514410J/Z-80 

- 

75 

mA 

3,4,5 

TC514410J/Z-10 

- 

65 

’^CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS«CAS“Vcc~0.2V) 

B 

B 

mA 


^CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

HAS Mode (RAS, CAS Cycling: tRc=tRc MIN.) 

TC514410J/Z-80 

B 

105 

mA 


TC514410J/Z-10 

- 

90 

Ha) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V£Vin^ 6.5V, All Other Pins Not Under Test*=0V) 

-10 

10 

pA 

1 

^O(L) 

OUTPUT LEAKAGE CURRENT 

(DouT is disabled, 0V<VouTi5.5V) 

-10 

10 

pA 

■ 

'^OH 

_I 

OUTPUT LEVEL 

Output ”H" Level Voltage (LouT*""^®^) 

m 

» 

a 

■ 

o 

> 

OUTPUT LEVEL 

Output "L” Level Voltage (IouT®^*2mA) 

- 

0.4 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc-SV+lOX, Ta-0^70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

'^PRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

tRAC 

Access Time from RAS 


Access Time from CAS 

'^AA 

Access Time from Column Address 

t^CPA 

Access Time from CAS Precharge 

tCLZ 

CAS to Output in Low-Z 



Output Buffer Turn*-off Delay 


Transition Time (Rise and Fall) 
RAS Precharge Time 





TC514410J/Z 

-80 

TC514410J/Z 

-10 

MIN. 

MAX. 

MIN. 

MAX. 



PvAS Hold Time _ 

^ Hold Time _ 

CAS Precharge to RAS Hold Time _ 

CAS Pulse Width 

RAS to CAS Delay Time 

RAS' to Column Address Delay Time 


^S to RAS Precharge Time 
CAS Precharge Time 
Row Address Set-Up Time 
Row Address Hold Time 


Column Address Set-Up Time 
Column Address Hold Time 

Col umn Address Hold Time referenced to 
RAS _ 

Column Address to RAS Lead Time 
Read Command Set-Up Time 
Read Command Hold Time 

Read Command Hold Time referenced to RAS 

Write Command Hold Time _ 

Write Command Hold Time referenced to RAS 


Write Command Pulse Width 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

tRWL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CAS Lead Time 

tDS 

Data Set-Up Time 

toH 

Data Hold Time 

tDHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-Up Time 

•^CWD 

CAS to WE Delay Time 

•^RWD 

RAS to WE Delay Time 

tCPV® 

CAS Precharge to WE Delay Time 
(Fast Page Mode) 

•^AWD 

Column Address to WE Delay Time 

tCSR 

CAS Set-Up Time (CAS before RAS* Cycle) 

*=CHR 

5aS Hold Time (CAf before RAS" Cycle) 

tRPC 

RAS to CAS Precharge Time 

tcPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

tROH 

RAS Hold Time referenced to OE 

tOEA 

OE Access Time 

tOED 

OE to Data Delay 

toEZ 

Output Buffer Turn Off Delay Time from OE 

tOEH 

OE Command Hold Time 

tWBS 

Write Per Bit Set-Up Time 

tWBH 

Write Per Bit Hold Time 

‘^WDS 

Write Per Bit Selection Set-Up Time 

tWDH 

Write Per Bit Selection Hold Time 

tWTS 

Write Command Set-Up Time (Test Mode In) 

^WTH 

Write Command Hold Time (Test Mode In) 

•^WRP 

WE to RAS Precharge Time 
(CAS before RAS Cycle) 

tWRH 

WE to MS Hold Time 
(CAS before RAS Cycle) 




UNITS 


ns 


ns 

ns 

ns 

ns 

ms 

ns 

ns 


ns 


ns 


ns 

ns 

ns 

ns 


ns 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Vcc=5V±10%, Ta=0~70°C) (Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC514410J/Z 

-80 

TC514410J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 

- 

65 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9,14,15 

tCAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9.15 

•^CPA 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

9 

^RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


^■RASP 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


^CSH 

CAS Hold Time 

85 

- 

105 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold Time 

50 


60 


ns 


tCAS 

Pulse Width 

25 

10,000 

30 

10,000 

... 1 

ns 


'^RAL 

Column Address to RAS Lead Time 

45 

- 

55 


ns 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0~A9) 

- 

5 

pF 

Ci2 

Input Capacitance (RAS, CAS, WB/WE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (W1/I01~W4/I04) 

- 

7 

pF 
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NOTES? 


1. Stresses greater than those listed undfer "Absolute Maj^imum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3* ICC1» ICC3» ICC4» ICC6 depend on cycle rate. 

^CCl > ^CC4 <iepend on output loading. Specified values are obtained with the 
output open. 

5. Column Address can be changed once or less while RAS=Vjl and CAS^Vijj. 


6. An initial pause of 200 ys is required after power-up followed by 8 HAS only 
refresh cycles before proper device operation is achieved. In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-p^S ns. 

8. Vjy (min.) and ViL (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and Vxx,. 

9. Measured with a load equivalent to 2 TTL loads and 100 pF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage levels. 


11. Either or must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and 
to (WB/) WE leading edge in read^modify-write cycles. 


13. ^WCS* tc^jD, t^\^ and tQp^ are not restrictive operating parameters. They 

are included in the data sheet as electrical characteristics only, If tycS^^WCS 
(min.) the cycle is an early write cycle and data out pin will remain open cir¬ 
cuit (high impedance) through the entire cycle; If tp^D^tp^^ (min.), 
tCWD^^CWD (min.), t^wD = ^AWD (min.) and tcpyj) I tQp^D (min..), the cycle is 

a read-modify-write cycle and data out will contain data read from the selected 
cell; If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

14. Operation within the tpco (max.) limit insures that tp^Q (max.) can be met. 
tpcD (max.) is specified as a reference point only; If tpQj) is greater than 
the specified tpcQ (max.) limit, then access time is controlled by 


15, Operation within the tpAj) (max.) limit insures that tp^Q (max.) can be met. 
tpAD (max.) is specified as a reference point only: If tp^]) is greater than 
the specified tpAD (max.) limit, then access time is controlled by t^A. 
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Note: 


Y77A : "H" or "L" 
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WRITE CYCLE 

"ras 

CAS 

AO-^AS 

^/wF 

oT 

W1/I01-W4/I04 

READ“MODIFY- 

RAS 

c’as 

A0'-A9 

WVWE 

oF 

WI/I01-W4/I04 


(OE CONTROLLED WRITE) 
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FAST PAGE MODE WRITE CYCLE 


RAS 


CAS 


A0~A9 


WR/WE 

0 ^ 


W1/'I01~W4/104 
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TJTk : "H" or "L' 






















TC514410JyZ-80 

TC514410J/Z-10 



'5 






TC514410J/Z-^0 

TC514410J/Z-10 


HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


.^CSR tcHR 


READ CYCLE 


ViH—- 

yiL—i 


^ASC I ^CAH 


COLUMN 

ADDRESS 



WI/IO 1~W4/'I04 


WRITE CYCLE 


JWRP pWRR 


W1/I01-W4/I04 


READ-MODIFY-VJRITE CYCLE 


twRP tWRH 


ViL—. 


W1/101-W4/I04 


VALID DATA-OUT 


YEB I %CH 


I^DSI L 


VALID DATA-IN 


I tRCS ^CWD 


^CLz —^OEZ 



VALID DATA-OUT 


PDd ^DH 


* VALID ] 
LDATA-INI 
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WE, CAS BEFORE RAS REFRESH CYCLE 


tRC 



Note: Djjj, OE, A0'\.A9»"H" or **L” ISZi • 
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READ CYCLE IN THE TEST MODE 


WI/I01-W4/I04 

VoL 

— 

OFEN 

- 

^CLZ 

VALID DATA-OUT ^ - 


Note: 

Dxn=open, 

M=*‘L" 

fJJ\\ "H" or "L 

VJRITE CYCLE 

(EARLY WRITE) 

IN THE TEST 

MODE 



AO'-AS * 
ViL 






m' : iH' 


W1/I01-W4/I04 


Note; Dqux^OPEN 


: *'H'* or *'L'* 


•80 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC514410J/Z are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches t he 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latc hes the 10 column address bits into the chip. Each of these signals, RAS and 
CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address 
multiplexing operation is done outside of the critical path timing sequence for read 
data access. The later events in the CAS clock seq uence are Inhibited until the 
occurrence of a del ayed signal derived from the RAS clock chain. The "gated CAS" 
feature allows the CAS clock to be externally activated as soon as the Row Address 
Hole Time specification (tj^^) been satisfied and the address inputs have been 
changed from Row address to Column address information. 

# 

Data Inputs 

A write cycle is performed by bringing (m/)WE low during the Ms/CAS operation. 
The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into the on-chip data 
latch. To make use of the write-per-bit capability W(/WE) must be low as RAS falls. 
In this case data bits to which the write operation is applied can be specified by 
keeping Wi(/I0i) high with set-up and hold times referenced to the RAS negative 
transition. 

For those data bits of Wi(/I0i) that are kept low as RAS falls the write operation 
is inhibited on the chip, if WB(/WE) is hij|h as RAS falls, the write-per-bit capa¬ 
bility does not work and the write operating is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is^he same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval and tQg^ are satisfied. 

T he outputs become val id after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-wrlte or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the O E" i nput is brought to a logical low level, the output buffers are 
enable d« Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row addresses (A0'“A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC5i4410J/Z offers an alternate^_ 

refresh method. If CAS is held on low for the specified period (tcsR) before RAS 
goes to low, on chip refresh control clock generations and the refresh address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in¬ 
cremented in preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514410J/Z allows for successive memory 
operations at multiple column locations of the same row address with Increased speed 
without an increase in power. This is don# by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles 
in which the row address is common. This "Fast Page Mode" of o pera tion will not 
dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access 
and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410J/Z is that refresh cycles may be performed 
while maintaining valid data at the output pins. This is referred to as Hidden Refresh. 
Hidden Refresh is performed by holding CAS at Vjl and taking RAS high and after a 
specified precharge period (t^p), executing a CA§ before ^ refresh cycle. 

(see Figure below) 


MEMORY CYCLE , REFRESH CYCLE . REFRESH CYCLE 







RAS 








Ss 

\ 

A 







W1/I01^W4/I04 -OPEN - 

—< 

VALID DATA-OUT 









This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410J/Z can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input addres<s as column address. 

The test is performed after a minimum of 8 CAS before MS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write ’*0” into all the memory cells at normal write mode. 

( 2 ) Select one certain column address and read *’0” out and write "1” in each cell 
by performing ^ BEFORE R^ REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 1024 times. 

( 3 ) Check "1" out of 1024 bits at normal read mode, which was written at (J) . 

(5) Using the same column as (2) , read "1” out and write "0” in each cell perform¬ 
ing CAS BEFORE M^ REFRESH COUNTER TEST. Repeat this operation 1024 times. 

(D Check "0” out of 1024 bits at normal read mode, which was written at (4). 

@ Perform the above (T) to (5) to the complement data. 


A-484 



TC514410J/Z-^0 

TC514410J/Z-10 


TEST MODE 

The TC51AA10J/Z is the RAM organized 1,0A8,576 words by A bits, it is internally 
organized 52A,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. Aqg is not used. If, upon reading, two bits 
on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC51AA10J/Z. In "Test Mode", the IM x A DRAM can be tested as if it 
were a 512K x A DRAM. 

''WE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode!'. And "CAS 
Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, '1^, CAS Before RAS Refresh Cycle" performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function re¬ 
duces test times (1/2 in case of N test pattern). 
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TC514410J/Z-80 

TC514410J/Z-10 


BLOCK DIAGRAM IN THE TEST MODE 
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1,048,576 WORD X 4 BIT DYNAMIC RAM * This is advanced information and specifica¬ 

tions are subject to change without notice. 

DESCRIPTION 

The TC514410AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon pte process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514410AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (3007 350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V ± 10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



TC514410AP/AJ/ASJ/ AZ - 60 

tRAC RAli Access Time 

60ns 

Iaa Column Address Access Time 

30ns 

tcAC CAS Access Time 

20ns 

tpc Cycle Time 

nons 

tpc Fast Page Mode Cycle Time 

45ns 


PIN NAMES 


< 

1 

o 

< 

Address Inputs 

ra5 

Row Address Strobe 


Column Address 'Strobe 

WB/WE 

Write Per Bit/Read/Write input 

OE 

Output Enable 

W1/I01-W4/I04 

Write Select/Date Input/Output 

Vcc 

Power (+ SV) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic DIP Plastic sqj Plastic ZIP 


Ca5 

W4/I04 

W1/I01 

Wff/WE 

A9 

A1 

A3 

A4 

A6 

AS 



zedvss ^ 
“nW4/l04 ^ 2/103 
IW3/I03 
ICS 


22 ]oe 

18 1a8 
17 A7 
16 JA6 
15 JaS 
14 ]A4 


Vss 


]OS 


Vcc 

AS 






[12 




• Single power supply of 5V±10% 
with a built-in Vbb generator 

• Low Power 

660mW MAX. Operating 

(TC514410AP/AJ/ASJ/AZ - 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chi p sele ction 

• Read-Mo dify-W rite. CAS before RAS 
refresh, RAS-only refresh. Hidden- 
refresh, Write per Bit, Fast Page 
Mode and Test Mode ^pability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514410AP : DIP20-P-300C 

TC514410AJ : SOJ26-P-350 

TC514410ASJ : SOJ26-P-300A 
TC514410AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


Wl/101 W2/I02 W3/I03 W4/I04 
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TC51441OAP/AJ/ASJ/AZ-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

IjBQQIIIIIIIII 

V 

mgm 

Output Voltage 

VouT 


V 


Power Supply Voltage 

Vcc 

- 1~7 


1 

Operating Temperature 

Topr 

o 

1 

o 

HQH 

1 

Storage Temperature 

Tstg 

-55-150 

“C 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

*C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


NOTES 

Vcc 

Supply Voltage 

imm 

Hi 

5.5 

sss 

mm 

ViH 

Input High Voltage 

2.4 

SB 

6.5 

mm 


V,L 

Input Low Voltage 

-1.0 

- 

0.8 


Hi 
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TC51441OAP/AJ/ASJ/AZ-60 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 





•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN.) 

TC514410AP/AJ/ASJ/A2-60 

- 

120 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^=:C^6 = V,h) 

- 

2 

mA 


•CC3 

^ ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RM Cycling, ^ = V|h: tRC = tRc MIN.) 

TC514410AP/A J/AS J/A2-60 


120 

mA 

3, 5 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = \/il, CAS, Address Cycling: tpc = tpc MIN.) 

TC514410AP/AJ/ASJ/AZ-60 


70 

mA 

3, 4 

5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
= C^ = Vcc - 0.2V) 

- 

1 

mA 


•CC6 

CAS BEFORE RA^ REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (Ms, CAS Cycling: tRc = tRc MIN.) 

TC51441OAP/AJ/AS J/AZ-60 

- 

120 

mA 

3, 5 

•l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V=5 ViivjS 6.5V, All Other Pins not under Test = 0V) 

^ 10 

10 

pA 


'O (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVS Vout= 5.5V) 

- 10 

10 

pA 


^OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = ^ ^mA) 

- 

0.4 

i 

V 
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TC51441OAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = O-yO’c) (Notes 6, 7, 8) 





TC51441OAP/AJ/ASJ/AZ-60 



!>T iViDVJL 

rAKAMt; 1 fcK 

MIN. MAX. 

UNi 1 

NOTES 


Random Read or Write Cycle Time 

Read-Modify-Write Cycle Time 

Fast Page Mode Cycle Time 

Fast Page Mode Read-Modify-Write 
Cycle Time _ 

Access Time from RAS 

Access Time from CAS 
Access Time from Column Address 
Access Time from CM Precharge 
CM to output in Low-Z 
Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 

RAS Precharge Time 
^S Pulse Width 

RAS Pulse Width (Fast Page Mode) 

RM Hold Time _ 

RM Hold Time From CAS Precharge 
(Fast Page Mode) 

CAS Hold Time 

CAS Pulse Width 

FTAS to CAS Delay Time 


RAS to Column Address Delay Time 
CAS to RAS Precharge Time 
CAS Precharge Time 
Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address to RAS Lead Time 
Read Command Set-Up Time 
Read Command Hold Time 


ns 9,14 
ns 9,15 
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TC51441OAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514410AP/AJ/AS J/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

^RRH 

Read Command Hold Time referenced 

to 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

10 

- 

ns 


twp 

Write Command Pulse Width 

10 

- 

ns 


tpWL 

Write Command to RAS Lead Time 

20 

- 

ns 


kWL 

Write Command to CAS Lead Time 

20 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

ns 

12 

tOH 

Data Hold Time 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

13 

tCWD 

tA^ to WE Delay Time 

50 

- 

ns 

13 

tRWD 

RAS to WE Delay Time 

90 


ns 

13 

tAWD 

Column Address to WE Delay Time 

60 

- 

ns 

13 

tCPWD 

CAS Precharge to WRITE Delay Time 

70 

- 

ns 

13 

kSR 

CAS Set-Up Time 
(C^ before KAS Cycle) 

5 

- 

ns 


kHR 

Hold Time 

(CAS before MS Cycle) ^ 

15 

- 

ns 


tRPC 

RM to CAS Precharge Time 

0 

- 

ns 


kPT 

CAS Precharge Time 

(CaS before RAl Counter Test Cycle) 

30 


ns 


tROH 

RA5 Hold Time referenced to UE 

10 

- 

ns 


tOEA 

Of Access Time 

- 

20 

ns 


tOED 

OE to Data Delay 

20 

- 

ns 


tOEZ 

Output buffer turn off Delay Time 
from ^ 

0 

20 

ns 


tOEH 

OE Command Hold Time 

20 

- 

ns 


tWBS 

Write Per Bit Set-Up Time 

0 

- 

ns 


twBH 

Write Per Bit Hold Time 

10 

- 

ns 


twos 

Write Per Bit Selection Set-Up Time 

0 

- 

ns 


twOH 

Write Per Bit Selection Hold Time 

10 

> 

ns 
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TC51441OAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514410AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

twTS 

Write Command Set-up Time 

10 

- 

ns 


tWTH 

Write Command Hold Width 

10 

- 

ns 


I 

tWRP 

WE to RA$ Precharge Time 

10 


ns 


twRH 

WE to RA$ Hold Time 

10 

- 

ns 
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TC51441OAP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vcc = 5V±10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514410AP/AJ/AS J/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

^RC 

Random Read or Write Cycle Time 

115 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 


ns 


tRAC 

Access Time from RAS 

- 

65 

ns 

9,14, 

15 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

35 

ns 

9,15 

kPA 

Access Time from CAS Precharge 

- 

45 

ns 

9 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

ns 


tRSH 

^S Hold Time 

25 

- 

ns 


kSH 

CM Hold Time 

65 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold Time 

45 

- 

ns 


tCAS 

CAS Pulse Width 

25 

10,000 

ns 


'■RAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V t 10%. f=1l\/lHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A9) 

- 

5 

PF 

C|2 

Input Capacitance (RM, WB/WE, 

- 

7 

PF 

Co 

Input/Output Capacitance (W1/I01~W4/I04) 

- 

7 

PF 
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TC51441OAP/AJ/ASJ/AZ-60 


NOTES: 


1 . 

1 

8 . 

4 . 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 


14. 


15. 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

All voltages are referenced to Vss- 

Icci. Icc3. IcC4» Icc6 depend on cycle rate. 

Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

Column address can be changed once or less while RAS=Vil and CAS = Vih. 

An initial pause of 200ps is required after power-up followed by 8 RAS only refresh before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

AC measurements assume tT = 5ns. 

ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

Measured with a load equivalent to 2 ITL loads and lOOpF. 

tOFF (max.) and defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

Either tRCII or tRRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Write cycles. 

twcs> tRWD> tcwD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tRWD= tRWD (min.), tcwD= tcWD (min.) , tAWD= tAWD (min.) and tcPWD^ tcpwi) (min.) 
(Fast Page Mode), the cycle is a Read-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCi) (max.) 
limit, then access time is controlled by tcAC* 

Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TC51441OAP/AJ/ASJ/AZ-60 


READ CYCLE 


^-n 


tCRP 

_ 

Li-L 


^tASR^ tASC ] 

t ROW 


Wl/I01~ 

W4/I04 


Note; L)lN=:“ir'or “L” 


WRITE CYCLE (EARLY WRITE) 


—tRCD _ 

—^RSH 

tRAH ^ ^ i< I’CAS 




tAcr 1 -<--— , ... 

_tRAL 

-^tcAH 



tpEz lis^ 

DATA-OUT 





teWL ' 
J twCH , 
twp ^ 




twc<; 


•y-^0yy^. 

1 



7^vvvvywvvvvv>vv$9v^ 

TT 

■ 



tRWL . 1 

J 1 



.. . ... 


W1/(01~ V|H 
W4/I04 V|i 


Note; DOUT = OiMON 


L-lwp.s. ^IJtwE 

. 

“ MASK - 
„ DATA - IN 

DATA-IN 









TC51441OAP/AJ/ASJ/AZ-60 



READ - MODIFY - WRITE CYCLE 





















TC51441OAP/AJ/ASJ/AZ-60 


FAST PAGE MODE READ CYCLE 












TC51441OAP/AJ/ASJ/AZ-60 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



RA5 ONLY REFRESH CYCLE 



Note: WHITE, Dli:=‘Tr’ or “L" 
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TC51441OAP/AJ/ASJ/AZ-60 


HIDDEN REFRESH CYCLE (READ) 
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TC51441OAP/AJ/AS J/AZ-60 


APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the 
TC51410AP/AJ/ASJ/AZ are multiplexed onto the 10 address inputs and latched into the on-chip address 
latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into 
the chip. Each of these signals, RSS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CaS clock to be externally activated as soon as the 
Row Address Hold Time specification (tpAn) has been satisfied and the address inputs have been 
changed from Row address to Column address informatidn. 

DATA INPUTS 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CAS or (WB/) WE strobes data on (Wi) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WB(/WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/lOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (/lOi) that are kept low as RAS tails the write 
operation is inhibited on the chip if WB(AVE) is high as RAS falls, the write-per-bit capability does not 
work and the write operation is performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct ITL compatibility with a fan-out of two standard ITL 
loads. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS 
is brought low. In a read cycle the outputs go active after the access time interval tuAC and toEA are 
satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and OE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The UE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the UE input is brought to a logical low level, the output buffer are enabled. Both CAS and 
CE can control the output. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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TC51441OAP/AJ/ASJ/AZ-60 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 
row address (A0^A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514410AP/AJ/ASJ/AZ offers an alternate refresh 
method. If CAS is held on low for the specified period (tcsil) before RAS goes to low, on chip refresh 
control clock generators and the refresh address counter are enabled, and an internal refresh operation 
takes place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

The “Page-Mode” feature of the TC514410AP/AJ/ASJ/AZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Page-Mode” of 
operation will not dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vn, and taking RAS high and after a specified precharge period (tup), 
executing a CAS before RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESHCYCLE 





RAS 



v.. / 





CAS 

\ 






/ 

VALID DATA-OUT 

\_ 

W1/I01-W4/104 

EN < 







This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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TC51441OAP/AJ/ASJ/AZ-60 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter 
address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows, 

® Write “0” into all the memory cells at normal write mode. 

© Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 
times. 

@ Check “1” out of 512 bits at normal read mode, which was written at (|). 

® Using the same column as read “1” out and write “0” in each cell performing CAS BEFORE 

RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

(D Check "0” out of 512 bits at normal read mode, which was written at 0. 

(D Perform the above ® to ® to the complement dat^. 

TEST MODE 

The TC514410AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 

retrieved the same way. Aqo is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 

or “0”s), the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC514410J/Z. In “Test Mode”, the 1MX4 DRAM can be tested as if it were 
a 512KX4 DRAM. 

“WE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address 
counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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NOTES 



1,048,576 WORD x 4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514410AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514410AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300 / 350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



rC514410AP/AJ/AS J/ AZ - 70/ - 80/ - 101 

tRAC Access Time 

70ns 

80ns 

100ns 

tAA Column Address Access Time 

35ns 

40ns 

50ns 

tCAC CA^ Access Time 

20ns 

20ns 

25n$ 

tRc Cycle Time 

130ns 

150ns 

180ns 

tpc Fast Page Mode Cycle Time 

45ns 

50ns 1 

60ns 


PIN NAMES 


> 

o 

1 

Address Inputs 

ra5 

Row Address Strobe 


Column Address Strobe 


Write Per Bit/Read/Write Input 

m 

Output Enable 

W1/I01-W4/I04 

Write Select/Date Input/Output 

Vcc 

Power ( + 5V) 

Vss 

Ground 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

• Low Power 

550mW MAX. Operating 

(TC514410AP/AJ/AS J/AZ - 70) 
468mW MAX. Operating 

(TC514410AP/AJ/ASJ/AZ ~ 80) 
413mW MAX. Operating 

(TC514410AP/AJ/ASJ/AZ -10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chi p sele ction 

• Read-Mo dify-W rite. CaS before RaS 
refresh, RAS-only refresh. Hidden 
refresh, Write per Bit, Fast Page 
Mode and Test Mode ^ability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514410AP : DIP20.P-300C 

TC514410AJ : SOJ26-P-350 

TC614410ASJ ; SOJ26-P-300A 
TC514410AZ : ZIP2-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1~7 

V 

1 

Output Voltage 

VOUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 


Operating Temperature 

Topr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature * Time 

^SOLDER 

260-10 

•C-sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED PC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc*tRC MIN.) 

TCS14410AP/AJ/AS J/A2-70 




■ 

TC514410 AP/A J/AS J/A2-80 

- 

85 

TCS 14410 AP/A J/AS J/A2-10 

- 


ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(PS=s^a5sV,h) 

■ 

■ 


1 

ICC3 

ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RaS Cycling, CASa Vih: tR(;*tRc MIN.) 

TCS 14410 AP/AJ/AS J/A 2*70 

HBI 


mA 

B 

TCS 14410 AP/AJ/AS J/AZ-80 

HH 


TC514410AP/AJ/ASJ/AZ.10 



ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaS = Vii., CaS, Address Cycling: tpc^tpc MIN.) 

TCS 1441OAP/AJ/AS J/AZ-70 

- 

70 

mA 

B 

TCS 1441 OAP/AJ/AS J/AZ-80 


65 


- 

55 

kcs 

STANDBY CURRENT 

Power Supply Standby Current 
(lA? = tA?=:Vcc-0.2V) 

■ 

R 

mA 

B 

kC6 

CA5 BEFORE Ra? REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 
Mode (RAS, Ca 5 Cycling: tRc^tRc MIN.) 

TCS 1441 OAP/AJ/AS J/A2-70 

■■ 


mA 

B 

TCS 1441 OAP/AJ/ASJ/AZ-80 

- 

85 

TCS 14410AP/AJ/AS J/A2-10 

- 

75 

•l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS VinS 6.5V, All Other Pins not under TestsOV) 

- 10 

to 

pA 

B 

'o (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVS Vqut^ 5.5V) 

- 10 

10 

ha 

■ 

VoH 

OUTPUT LEVEL 

Output "H* Level Voltage (Iout= -5mA) 

D 

B 

D 

■ 

VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iout = 4.2mA) 

■ 

fl 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514410AP/ 

AJ/ASJ/A2-70 



MIN. 

MAX. 


TC514410AP/ 

AJ/ASJ/A2*80 


TC514410AP/ 

AJ/ASJ/AZ-10 


tRC 

Random Read or Write Cycle Time 

130 

tRMW 

Read-Modify-Write Cycle Time 

185 

tpc 

Fast Page Mode Cycle Time 

45 

tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

100 

Irac 

Access Time from r73 

■ 

tCAC 

Access Time from CaS 

- 

Ua 

Access Time from Column Address 

- 

kPA 

Access Time from CAS Precharge 


tCLZ 

CaS to output in Low-2 

0 

tOFF 

Output Buffer Turn-off Delay 

0 

tT 

Transition Time (Rise and Fall) 

3 

tRP 

RaS Precharge Time 

50 

Iras 

RA? Pulse Width 

70 

Irasp 

IaS Pulse Width (Fast Page Mode) 

70 

tRSH 

RAS Hold Time 

20 

Irhcp 

Hold Time From CaS Precharge 
(Fast Page Mode) 

40 

ICSH 

CaS Hold Time 

70 

ICAS 

Ca? Pulse Width 

20 

IrCD 

RaS to CaS Delay Time 

20 

Iraq 

RaS to Column Address Delay Time 

15 

tcRP 

CaS to RAS Precharge Time 

5 

tcp 

CaS Precharge Time 

10 

USR 

Row Address Set-Up Time 


Irah 

Row Address Hold Time 

to 

Use 

Column Address Set-Up Time 

0 

ICAH 

Column Address Hold Time 

15 

^RAl 

Column Address to RaS Lead Time 

35 

tRCS 

Read Command Set-Up Time 

0 

Irch 

Read Command Hold Time 

0 



10,000 


70 200,000 
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TC51441OAP/AJ/ASJ/AZ-70, TC51441 OAP/AJ/ASJ/AZ-^0 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC51441 GAP/ 
AJ/ASJ/AZ-70 

TC514410AP/ 

AJ/ASJ/AZ-80 

TC514410AP/ 

AJ/ASJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRRH 

Read Command Hold Time referenced 

to ^ 

0 

- 

0 

- 

0 


ns 

11 

twCH 

Write Command Hold Time 

' 15 

- 

15 

- 

20 

- 

m 


twp 

Write Command Pulse Width 


- 


- 


- 

ns 


tRWL 

Write Command to flAS Lead Time 

20 


20 



- 

m 


^CWL 

Write Command to Ca$ Lead Time 

20 

- 

20 

- 

25 

- 

D 


tos 

Data Set-Up Time 

0 

- 

0 

- 

0 


m 

12 

tOH 

Data Hold Time 

15 

- 

15 

- 



la 

12 

tREF 

Refresh Period 

- 

16 

- 

16 

- 

16 

mu 


twcs 

Write Command Set-UP Time 

■a 

- 

0 

- 

0 

- 

m 



CAS to WE Delay Time 

50 

- 

50 


60 

- 

o 

13 

tRWD 

RA§ to WE Delay Time 

100 

- 

no 

- 

135 

- 

m 

13 

tAWO 

Column Address to WE Delay Time 


- 

70 

- 

85 

- 

m 

13 

tCPWD 

CaS Precharge to WRITE Delay Time 

75 

- 

75 

- 

90 

- 

m 

13 

kSR 

CAS Set-Up Time 
(EaE before RAS Cycle) 

5 

- 

5 


5 




tCHR 

Hold Time 

before Cycle) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

kAS to CaS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


kPT 

EaE Precharge Time 

(EaE before RaS Counter Test Cycle) 

40 

- 

40 

- 

50 

- 

ns 

■ 

kOH 

RAS Hold Time referenced to ETE 

10 

- 

10 

- 


- 

ns 


kEA 

UE Access Time 

- 

20 

- 

20 

- 

25 

11 


kEO 

^ to Data Delay 

20 

- 

20 

- 

25 

- 

m 


kEZ 

Output buffer turn off Delay Time 
from UE 

0 

20 

■ 


0 

20 

ns 


kEH 

OE Command Hold Time 

20 

- 

20 

■■IH 

25 

- 

m 

mm 

tWBS 

Write Per Bit Set-Up Time 

0 

- 

0 


0 

- 

111 

m 

tWBH 

Write Per Bit Hold Time 

10 

- 

10 

- 



ID 

mm 

tWDS 

Write Per Bit Selection Set-Up Time 

0 

- 

0 

- 

muR 

- 

ID 

mm 

twOH 

Write Per Bit Selection Hold Time 

10 

- 

10 

- 

10 

- 

ID 

mmi 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 

TC514410AP/ 

AJ/ASJ/AZ-70 

TC514410AP/ 

AJ/ASJ/AZ-80 

TC514410AP/ 

AJ/ASJ/AZ-10 


NOTES 



MIN. 

MAX. 

MIN. 


twTS 

Write Command Set-up Time 

10 

- 

10 

- 

10 

- 

m 


tWTH 

Write Command Hold Width 

10 


10 

- 

10 

- 

m 


twRP 

Wf to Precharge Time ! 

10 

- 

10 

- 

10 

- 

la 


twRH I 

WF to KaF Hold Time 

10 

- 

10 

- 

10 

- 

B 
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TC51441OAP/AJ/ASJ/AZ-70, TC51441 OAP/AJ/ASJ/AZ-^0 

TC51441OAP/AJ/ASJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC51441 GAP/ 
AJ/ASJ/A2-70 

TC514410AP/ 

AJ/ASJ/AZ-80 

TC514410AP/ 

AJ/ASJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

155 


185 

- 

m 


tRMW 

Read-Modify-Write Cycle Time 

160 

- 

180 

- 

215 

- 

ra 


tpc 

Fast Page Mode Cycle Time 


- 

55 

- 

65 

- 

m 


tpRMW 

Fast Page Mode Read*Modify*Write 

Cycle Time 

75 

• - 

80 


• 95 


ns 


tRAC 

Access Time from ??a5 

- 

75 

- 

85 

■ 



9,14, 

15 

tCAC 

Access Time from CAS 

- 

25 


25 

- 

30 

m 

9,14 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

D 

9,15 

tCPA 

Access Time from CaS Precharge 

- 

45 

- 

50 

- 

60 

■1 

9 

tRAS 

^ Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

■■ 


tRASP 

ftAS Pulse Width (Fast Page Mode) 

75 

200,000 

85 



200,000 

Bi 


tRSH 

RAS Hold Time 

25 

- 

25 

- 

30 

- 

Bi 


kSH 

CAS Hold Time 

75 


85 

- 

105 

- 

IS 


tRHCP 

CaS Precharge to RAS Hold Time 

45 

- 

50 

- 

60 

- 

Bi 


tCAS 

CaS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

Bi 


^RAL 

Column Address to RAS Lead Time 

40 

- 

45 

- 

55 

- 

m 


kwD 

CaS to wE Delay Time 

55 

- 

55 

- 

65 

- 

m 

13 

tRWO 

ftAS to WE Delay Time 

105 

- 

115 

- 

140 

- 

m 

13 

tAWO 

Column Address to WE Delay Time 

70 

- 

75 

- 

90 

- 

Q 

13 

kpwo 

<!aS Precharge to WRITE Delay Time 

80 

- 

80 

- 

95 


m 

13 

toEA 

0E Access time 

- 

25 

- 

25 

- 

30 i 

m 


tOEH 

SE Command Hold Time 

25 

- 

25 

- 

30 

- 

m 



CAPACITANCE (Vrr = 5V ± 10% ■ f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Q, 

Input Capacitance {A0-A9) 

- 

5 

PF 

Cl2 

Input Capacitance (RaS, CAS, W5/WE, UZ) 

- 

7 

PF 

Co 

Input/Output Capacitance (l/IOl-1/104) 

- 

7 

pF 






































































































































TC51441OAP/AJ/ASJ/AZ-70, TC51441OAP/AJ/ASJ/AZ-80 
TC51441OAP/AJ/ASJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vgs* 

3. Icci. ICC3. ICC4, ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while Ra5=:Vil and CaS=Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViH (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Write cycles. 

13. twCSi tRWD» tcWD, tAWD and tcpWD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs^ twcs the cycle is an early 

write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tRWD^ tRWD (min.), tcwD^tcWD (min.) . tAWD^ tAWD (min.) and tcpWD^tcpWD (min.) 
(Fast Page Mode), the cycle is a Read-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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WRITE CYCLE (EARLY WRITE) 
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READ-MODIFY-WRITE CYCLE 
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TC51441OAP/AJ/ASJ/AZ-10 


FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



RAg ONLY REFRESH CYCLE 


1 . 


tRC 


I 
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HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REEFRESH CYCLE (WRITE) 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the 
TC51410AP/AJ/ASJ/AZ are multiplexed onto the 10 address inputs and latched into the on-chip address 
latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row ^address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CaS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The ‘‘gated CAS" feature allows the CaS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) bas been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUTS 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of USE or (WE/) WE strobes data on (Wi) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WE(/WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/lOi) high with set-up and hold times referenced to 
the RAE negative transition. For those data bits of Wi (/lOi) that are kept low as RAS tails the write 
operation is inhibited on the chip if WE(/WE) is high as RaS falls, the write-per-bit capability does not 
work and the write operation is performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS 
is brought low. In a read cycle the outputs go active after the access time interval Lrac and toEA are 
satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and UE 
are low. CAS or UE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The UE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the UE input is brought to a logical low level, the output buffer are enabled. Both USE and 
UE can control the output. Thus in a read operation, either CE or CAS returning high forces the 
outputs into the high impedance state. 
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W1/I01 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 
row address (AO~A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RA$-only’' cycles. 

03 BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514410AP/AJ/ASJ/AZ offers an alternate refresh 
method. If CaS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh 
control clock generators and the refresh address counter are enabled, and an internal refresh operation 
takes place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CaS before jRAS refresh operation. 

PAGE MODE 

The “Page-Mode” feature of the TC514410AP/AJ/ASJ/AZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Page-Mode” of 
operation will not dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vil and taking RaS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





RAS 



\ . / 






\ 

/ 





/ 

VALID DATA-OUT 


•W4/I04 OP 

EN 



1 




This feature allows a refresh cycle to be “Plidden” among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READAVRITE operation taking the internal counter 
address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before KSS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write ‘'0” into all the memory cells at normal write mode. 

d) Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE IaS refresh COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 
times. 

(D Check “1” out of 512 bits at normal read mode, which was written at (D. 

0 Using the same column as (D, read “1” out and write “0’^ in each cell performing CAS BEFORE 

RAS refresh COUNTER TEST. Repeat this operation 512 times. 

0 Check “0” out of 512 bits at normal read mode, which was written at 0. 

0 Perform the above 0 to 0 to the complement data. 

TEST MODE 

The TC514410AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In ‘Test Mode”, data are written into 8 sectors in parallel and 

retrieved the same way. Aqo is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 

or ‘‘0”s), the I/O pin indicates a ”1”. If they were not equal, the I/O pin would indicate a ”0”. Fig. 1 
shows the block diagram of TC514410J/Z. In ‘Test Mode”, the 1MX4 DRAM can be tested as if it were 
a 512KX4 DRAM. 

‘‘WE, CAS Before RAS Refresh Cycle” puts the device into ‘‘Test Mode”. And ‘‘CaS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into ‘‘Normal Mode”. In the Test Mode, “WE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address 
counter. The ‘‘Test Mode” function reduces test times (1/2 in case of N test pattern). 
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TC51441OAP/AJ/ASJ/AZ-70, TC51441OAP/AJ/ASJ/AZ-80 

TC51441OAP/AJ/ASJ/AZ-10 
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4J94,304 WORDSxS BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 


The THM84000S is a 4,194,304 words by 8 bits dynamic RAM module which assembled 8 pcs of 
TC514000J on the printed circuit board. 

The THM84000S is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 4,194,304 words by 8 bits organization 

• Fast access time 



THM84000S/L-80 

THM84000S/L-10 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address Access Time 

40ns 

50ns 

tCAC 

Access Time 

20ns 

25ns 

tRC 

Cycle Time 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

sons 

60n$ 


• Single power supply of 5V±10% 

• Low power 4,400mW MAX. Operating (THM84000S/L-80) 

3,740mW MAX. Operating (THM84000S/L-10) 

44mW__MAX. Standby 

• UaS before RAS refresh, RA5 only refresh, Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycle^l6ms 


PIN CONNECTION (TOP VIEW) 


THM84000S THM84000L 






—^ o 


VCC (1) 

□ 

'1 

(2) 

□ 


DQO (3) 

□ 


AO (4) 

□ 

- - S 

A1 (5) 

□ 


DQ1 (6) 

□ 


A2 (7) 

□ 

' "1 

A3 (8) 

□ 


VSS (9) 

a 

crzp 

DQ2 (10) 

a 

csrrri 

A4 (11) 

a 

«■=: 1') 

AS (12) 

a 

t=c:p 

DQ3 (13) 

a 

e=c:p 

A6 (14) 

a 

t=c:p 

A7 (15) 

o 

, 1 

DQ4 (16) 

a 

‘ '~n 

A8 (17) 

a 


A9 (18) 

a 


A10 (19) 

□ 

«■■ 'I'l 

DOS (20) 

□ 


W (21) 

□ 

t=r-S 

VSS (22) 

□ 

i " '^"1 

OQ6 (23) 

□ 


N.C. (24) 

□ 

^ "1 

DQ7 (25) 

□ 


N.C (26) 

□ 

‘ ~ . 

RA? (27) 

□ 


N.C. (28) 

□ 

- - *-1 

N.C. (29) 

□ 

1 1 

VCC (30) 

□ 



o 

L - 


PIN NAMES 


A0-A10 

Address Inputs 

DQ0-DQ7 

Data Inputs/Outputs 


Column Address Strobe 

MS 

Row Address Strobe 

w 

Read/Write Input 

Vcc 

Power (+ 5V) 

Vss 

Ground 

N.C 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

Input Voltage 

V,N 

Output Voltage 

VOUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

^OPR 

Storage Temperature 

Tstg 

Soldering Temperature • Time 

Tsoloer 

Power Dissipation 

Po 

Short Circuit Output Current 

•out 



- 1.0-7.0 


- 1.0~7.0 

- 1.0-'7.0 


0-70 


260'10 


Power Dissipation Po 4.8 

Short Circuit Output Current Iqut 50 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C 



SYMBOL 

PARAMETER 

MIN. 

Vcc 

• Supply Voltage 

4.5 

V|H 

Input High Voltage 

2.4 

VlL 

Input Low Voltage 

- 1.0 



DC ELECTRICAL CHARACTERISTICS (Vr 


:5V ±10%, Ta = 0-'70°C 


SYMBOL 

PARAMETER. 

MIN. 

MAX. 

UNITS 

NOTES 


OPERATING CURRENT 

THMx x X X X X - 80 

- 

800 



•cci 

Avgtqqc Po\A/ 0 r Supply OpcrdtiriQ Current. 

(RAS, CM, Address Cycling: Xrc-^rc MIN ) 

THMx X X X X X - 10 

- 

680 

mA 

3, 4 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(W=:tM=:V,H) 

- 

16 

mA 



ICC3 

Ms ONLY REFRESH CURRENT 

Average Power Supply Current, RAi Only Mode 
(Ms Cycling, Vjh: tRc = tRc MIN.) 

THM XXXXXX-80 

- 

800 1 

THM xxxxxx-10 

- 


kC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS s V|L, CA$ Address Cycling: tpc = tpc MIN.) 

THM XXXXXX-80 

- 

480 

-1 

THMx X X X X X - 10 

- 

400 



STANDBY CURRENT 

Power Supply Standby Current 

(R^=;C^=Vcc-0-2V) __ 

^ BEFORE REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc = tRc MIN.) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0VSVinS 6.5V All Other Pins not under Test = 0V) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OVS Vqut^ 5.5V) 


OUTPUT LEVEL 

Output **H" Level Voltage (Iqut = --5mA) _ 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqijt = 4.2mA) 


THM XXXXXX-80 
THM xxxxxx-lO 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


. (Vcc = 5V ± 10%, Ta = 0~70°C) (Notes 


THM84000S-80 1 THM84000S>10 


5, 6, 7) 


SYMBOL 

PARAMETER 

^RC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from Ra5 

kAC 

Access Time from CaS 

tAA 

Access Time from Column Address 

tCPA 

Access Time from CA5 Precharge 

tCLZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RA5 Precharge Time 

kAS 

Pulse Width 

^RASP 

RAS Pulse Width (Fast Page Mode) 

^RSH 

Hold Time 

kSH 

(!a 5 Hold Time 

kAS 

CAS Pulse Width 

tRCO 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tCRP 

CAS to RA5 Precharge Time 

kp 

CAS Precharge Time (Fast Page Mode) 

t^ASR 

Row Address Set-Up Time 


MIN. 


MAX. MIN. 




Use 

Column Address Set-Up Time 

0 

^CAH 

Column Address Hold Time 

15 

tAR 

Column Address Hold Time referenced to 

RAS 

60 

fRAL 

Column Address to RAS Lead Time 

40 

fRCS 

Read Command Set-Up Time 

0 



tRCH 

Read Command Hold Time 

0 


0 

- 

ns 

10 

Irrh 

Read Command Hold Time referenced to 

RAS 

0 

- 

1 

0 

- 

ns 

10 

IWCH 

Write ommand Hold Time 

15 

- 

20 

- 

ns 


twCR 

Write ommand Hold Time referenced to 

60 

- 

75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 


SYMBOL 

PARAMETER 

THM84000S-80 

THM84000S-10 



MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 




^RWl 

Write Command to RAS Lead Time 

20 


25 

- 

ns 

■I 

kWL 

Write Command to CaS Lead Time 

20 

- 

25 

- 

ns 

■■ 

tos 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 

tOH 

Data Hold Time 

15 

- 

20 

- 

ns 

11 

tOHR 

Data Hold Time referenced to ^5 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 


12 

kSR 

CSS Set-Up Time (CaS before Ka 5 Cycle) 

5 

- 

10 

- 

ns 


tCHR 

CAt Hold Time (ClAS before RaS Cycle) 

15 

- 

20 

- 

ns 


■|BH| 

RAi to CAS Precharge Time 

0 

- 

0 

- 



|[B 

ZA^ Precharge Time (CAS before rAS 

Counter Test Cycle) 

40 

- 

50 

- 

ns 


mm 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


- 

10 

- 

ns 


^WRH 

write to RA5 Hold Time 
(CAS before Ra 5 Cycle) 

10 

- 

10 

- 




CAPACITANCE (Vrr = 5V± 10%, f=1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (AO-AIO, W, CAS, RA^) 

- 

60 

PF 

Cdq 

I/O Capacitance (DQ0'-DQ7) 

- 

15 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC4. ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before flAS 
initialization cycles instead of 8 RaS cycles are required, 

6. AC measurements assume bp=5ns. 

7. Vni (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vn^. 

8. Measured with a load equivalent to 2 'ITL loads and lOOpF. 

9. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tucil or Irrii must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs—twcs (uiin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD (niax.) limit insures that tRAC (max.) can be met, 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC* 

14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified Irad (max.) 
limit, then access time is controlled by tAA* 


B-6 


THM84000S/L-80, 10 



B-7 




THM84000S/L-80, 10 


EARLY WRITE CYCLE 


RAS 


V,H- 

V,L 


1 


^CRP 


iSL 




^nco 


ksM 


^WSH 





CA? 


A0~A10 


WRITE 




iC!l 


DQO- 

DQ7 
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FAST PAGE MODE READ CYCLE 
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Unit in mm 


OUTLINE DRAWINGS 


• THM84000S 






















1,048,576 WORDS X 32 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 


The THM321000S is a 1,048,676 words by 32 bits dynamic RAM module which assembled 8 pcs of 
TC514400J on the printed circuit board. The THM321000S can be as well used as 2,097,152 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and 

DQ18, ., DQ15 and DQ31, respectively. The THM321000S is optimized for application to the 

systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 1,048,576 words by 32 bits organization • Single power supply of 5V±10% 

• Low power 

4,620mW MAX. Operating (THMxxxxxx-80) 

3,960mW MAX. Operating (THMxxxxxx-10) 

44m'W MAX. Standby 

• CaS before RAS refresh, RAS only refresh. Hidden 
refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1024 Refresh cycles/16ms 

• Tin-Lead Contact: THM321000S-80,10 

• Gold Contact :THM321000SG-80,10 


• Fast access time and cycle time 



THM321000 

S-80 

THM321000 

S-10 

tRAC Access Time 

80ns 

100ns 

tAA Column Address 
Access Time 

40ns 

50n$ 

kAC CaS Access Time 

20ns 

25ns 

tRc Cycle Time 

150ns 

180n$ 

tpc Fast Page Mode 
Cycle Time 

50ns 

60ns 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 
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BLOCK DIAGRAM 




Vcc 

Vss 



MO-7 
MO-7 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

1 

b 

1 

b 

V 

1 

Output Voltage 

VoUT 

-1.0~7.0 

V 

1 

Power Supply Voltage 

Vcc 

1 

b 

1 

b 

V 

1 

Operating Temperature 

Topr 

0^70 

•c 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260*10 

•C-sec 

1 

Power Dissipation 

Pd 

4.8 

W 

t 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN., 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vit 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CH7^ACTERISTICS(Vrr = 5V± 10%. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 

CAS, Address Cycling: tRc = tRcMiN.) 




mA 

■ 

THM321000S-80 


840 

THM321000S-10 

- 

720 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(kAS s CaS s V|h) 

■ 

16 

mA 

■ 

kc3 

KaS only REFRESH CURRENT 

Average Power Supply Current, ftAS Only Mode 
(]€2J5 Cycling, CAS » Vjh: tRc«tRcNIIH.) 




mA 

D 

THM321000S-80 


840 

THM321000S-10 

- 

720 

•cC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(KaSsVii,, CaS Address Cycling: tpc^tpcMIN.) 




mA 

■ 

THM32I000S-80 

- 

560 

THM321000S-10 

- 

480 

»CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(HAS ssCaSsVcc-0.2 V) 

■ 

8 

mA 

■ 

kc6 

CaS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before HAS 

Mode (HAS, CaS Cycling: tgc « Xrc MIN.) 




mA 

3 

THM321000S-80 

- 

840 

THM321000S-10 

- 

720 

*I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V:S VinSI 6.5V, All Other Pins not under Test»0V) 

-80 

80 

pA 

■ 

•o ( 1 ) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled. OVS Vcut^ 5.5V) 

- 10 

10 

pA 

B 

•oh 

OUTPUT LEVEL 

Output "H* Level Voltage (Iqut* -5mA) 

D 

■ 

B 

B 

VoL 

OUTPUT LEVEL 

Output **L' Level Voltage (Iqut* 4.2mA) 

■ 

0.4 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V ± 10%. Ta = O-yO'CKNotes 5. 6. 7 


SYMBOL 

PARAMETER 

^RC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from ftAS 

^CAC 

Access Time from (!aS 

tAA 

Access Time from Column Address 

kPA 

Access Time from CaS Precharge 

tCLZ 

(1a$ to Output in LoW'Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tpp 

RAS Precharge Time 

tRAS 

RAi Pulse Width 

'rasp 

AaS Pulse Width (Fast Page Mode) 

'rsh 

ftAS Hold Time 

kSH 

C53 Hold Time 

'cas 

CAi Pulse Width 

'rco 

^IA§ to CAi Delay Time 

'rao 

kAi to Column Address Delay Time 

kRp 

Ca$ to Ia? Precharge Time 

'CP 

CAi Precharge Time (Fast Page Mode) 

'asr 

Row Address Set-Up Time 

'rah 

Row Address Hold Time 

'aSC 

Column Address Set-Up Time 

'CAH 

Column Address Hold Time 

'ar 

Column Address Hold Time referenced 
to kAS 

'ral 

Column Address to Ra 5 Lead Time 

'rcs 

Read Command Set-Up Time 

'rch 

Read Command Hold Time 

'rrh 

Read Command Hold Time referenced 
to SA5 

'WCH 

Write Command Hold Time 

'WCR 

Write Command Hold Time referenced 

to rA5 


THM321000S-80 THM321000S-10 
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ELEaRICAl CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM321000S-80 

THM321000S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

n 


tRWL 

Write Command to hA5 Lead Time 

20 

- 

25 

- 

m 


kWL 

Write Command to CaS Lead Time 

20 

- 

25 

- 

o 


tos 

Date Set-Up Time 

0 

- 

0 

- 

Bl 

11 

tOH 

Date Hold Time 

15 

- 

20 

- 

■1 

11 

tOHR 

Data Hold Time referenced to ftAS 

60 

- 

75 

- 

m 


tREF 

Refresh Period 

- 

16 

- 

16 

moi 


'wcs 

Write Command Set-UP Time 

0 

- 

0 

- 

19 

12 

kSR 

CaS Set-Up Time (CAS before TCaJ Cycle) 

5 

- 

10 

- 

m 


tCHR 

tAS Hold Time (<I1 a 5 before ftAS Cycle) 

15 

- 

20 

- 

19 

m 

^RPC 

RA? to Ca? Precharge Time 

0 

- 

0 

- 

m 

B 

tCPT 

CIaS Precharge Time (CaS before 

Counter Test Cycle) 

40 

■ 

50 

■1 

ns 


twRP 

Write to RaS Prccharge Time 
(Ca 5 before RAS Cycle) 

10 

- 

10 

- 

ns 


twRH 

WliTE to Ra 5 Hold Time 
(dAS before RaS Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%, f = 1 MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (A0~A9) 

- 

60 

PF 

CI2 

Input Capacitance (W) 

- 

45 

PF 

03 

Input Capacitance (RASO, RaS2) 

- 

35 

PF 

04 

Input Capacitance (CAS0“-<1 aS3) 

- 

30 

PF 

CDQl 

I/O Capacitance (DQO-31) 

- 

17 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3* Icci» IcC3i lcC4i ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 KS5 cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
HAS initialization cycles instead of 8 RS5 cycles are required. 

6. AC measurements assume bp = 5ns, 

7. VinCmin.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. topiKmax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tpcH or tRpH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs^ twcsCmin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. 

lRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCoCmax.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD(max.) limit, insures that tRAC(n^ax.) can be met. 

tRAD(niax.) is specified as a reference point only; IftRAD is greater than the specified tRAoCmax.) 
limit, then access time is controlled by Iaa- 
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READ CYCLE 
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yAST PAGE MODE READ CYCLE 


I 







FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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CT5 BEFORE R55 REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (READ: 
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OUTLINE DRAWINGS 
FRONT SIDE 


1/f 




2.03 ±0.13 


6.35 + 0.13 


3.38 + 0.13 


107.95 ±0.13 


mliiililiiimiiiiiiiHimiiiiii 


1.27 


95.25 ±0.08 


101.19±0.13 


2 - 03.18 ± 0.05 


Unit in mm 


MAX. 




• THM321000S •THM321000Sa 














NOTES 
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1,048,576 WORDS X 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM321020S is a 1,048,576 words by 32 bits dynamic RAM module which assembled 8 pcs of 
TC514400J on the printed circuit board. The THM321020S can be as well used as 2,097,152 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and 

DQ18, ., DQIS and DQ31, respectively. The THM321020S is optimized for application to the 

systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which arc requested compact size. 


FEATURES 

• 1,048,676 words by 32 bits organization 


• Fast access time and cycle time 



THM321020 

S-80 

THM32t020 

S-10 

tRAC Ka 3 Access Time 

80ns 

lOOns 

tAA Column Address 
Access Time 

40n$ 

50ns 

toe Access Time 

20ns 

25ns 

tRc Cycle Time 

ISOns 

180ns 

tpc Page Mode 

Cycle Time 

sons 

60ns 


Single power supply of 5V ± 10% 

Low power 

4,620mW MAX. Operating (THMxxxxxx-80) 

3,960mW MAX. Operating (THMxxxxxx-10) 

44mW MAX. Standby 

CAS before RAS refresh, RAS only refresh. Hidden 
refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 
1024 Refresh cycles/16ms 
Tin-Lead Contact: THM321020S-80,10 
Gold Contact: THM321020SG-80,10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 




36 37 


72 


1 A0~A9 

Address Inputs | 




Column Address Strobe 

1C555, ROT 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (♦SV) 

Vss 

Ground 

PD 

Presence Detect Pin 


rr 

V5S 

■3 

A, 

m 

EE3 

ma 

cm 

ma 

cm 

El 


HI 


■9 

nm 

B3 

mm 

HI 

cm 

HI 

iJim 

m 

IMM 

HI 

ISRTHi 

■a 

E!H 

■a 

EESSI 

HI 

Vss 

El 

DQ9 

63 

BfeTHi 

HI 

B5M 

■3 

mm 

mu 

ESH 

40 



OQ25 

64 

jgSHM 

ri 

IgSCT 

■a 

EHI 

HI 

mm 

■n 

1^9 

El 


ma 


■3 

EW 

■3 

mm 


Vcc 

ma 


El 

EUSSii 

m 

EH 

HI 

iCTnp 

HI 

wsm 

ma 

A8 

HI 


m 

l^u 

m 

133911 

HI 

mm 

ijlRl 


ma 


ma 


m 


ma 

13301 

HI 


HI 


■a 

n 

■a 

cm 

m 


ma 

Em 

HI 


K! 


■3 


ma 

cm 

m 


HI 

ECEH 

■n 

NC 

m 


m 


ma 

mm 

El 

Vcc 

■a 

cm 

■a 

AO 

m 

EEBI 

wm 

warn 

ma 

warn 

m 


ma 




r: 

-80 

-10 

pi 

HHI 

■m 

Pi 

Vss 

Vss 

[m 

NC 

Vss 


■H 

mm\ 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE5 

Input Voltage 

V,N 

-1.0-7.0 

V 

1 

Output Voltage 

VOUT 

-1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0-7.0 

V 

1 

Operating Temperature 

Tope 

.0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature‘Time 

TsoLoee 

260* 10 

•C-sec 

1 

Power Dissipation 

Po 

4.8 

w 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V1 10%. Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(Sa 5. ro, Address Cycling: tRc«tRcMlN.) 




mA 

■ 

THM321020S-80 

- 

840 

THM321020S.10 

- 

720 

«CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ICS5.ro»V,H) 

■ 

16 

mA 

■ 

ka 

Ia5 only refresh current 

Average Power Supply Current, RA5 Only Mode 
(Ra 5 Cycling, CS5 »Vjh: tRc^tgcMIN.) 




mA 

■ 

THM321020S-80 

- 

840 

THM321020S«10 

- 

720 

1CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaS 3 V|L, CaS Address Cycling: tpc * tf»c MIN.) 




mA 

B 

THM321020S-80 


560 

THM321020S-10 


480 

»CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra5«CX?«Vcc-0.2V) 

■ 

8 

mA 

B 

ICC6 

Ca5 before refresh current 

Average Power Supply Current, CAS Before RaS 
ModefRAT, CAS Cycling: tRc = tRcMIN.) 




mA 

B 

THM321020S-80 

- 

840 

THM321020S-10 

- 

720 

l|(L) 

INPUT LEAICAGE CURRENT 

Input Leakage Current, any Input 

(OVS V|nS 6.5V, All Other Pins not under Te$t»0V) 

-80 

80 

pA 

B 

k(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVS VouT^i 5.5V) 

-10 

10 

pA 

■ 

■oh 

OUTPUT LEVEL 

Output "H* Level Voltage (lour* -5mA) 

D 

■ 

D 

■ 

VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (lour « 4.2mA) 

a 

D 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V± 10%. Ta = 0~70°C)(Notes5. 6, 7 


SYMBOL 

PARAMETER 

Uc 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from PlaS 

kAC 

Access Time from CAS 

'aa 

Access Time from Column Address 

kPA 

Access Time from CAS Precharge 

kL2 

CaS to Output in Low-Z 


Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 


ftAS Precharge Time 

tflAS 

KaS Pulse Width 

Irasp 

RaS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

kSH 

CAS Hold Time 

kAS 

CaS Pulse Width 

kCD 

RAS to CaS Delay Time 

tRAO 

RAS to Column Address Delay Time 

kRR 

CaS to RaS Precharge Time 

kp 

CAT Precharge Time (Fast Page Mode) 

^AiR 

Row Address Set-Up Time 

^RAH 

Row Address Hold Time 

Iasc 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 

to RAS 

tRAL 

Column Address to RAS Lead Time 

kcs 

Read Command Set-Up Time 

kCH 

Read Command Hold Time 

tRRM 

Read Command Hold Time referenced 
to RAS 

'WCH 

Write Command Hold Time 

%CR 

Write Command Hold Time referenced 

to RaS 


THM321020S-80 THM32t020S-10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMCTER 

THM32t020S-80 

THM321020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

m 


tRWL 

Write Command to Ra 5 Lead Time 

20 

- 

25 

- 

m 


tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

19 


tos 

Date Set-Up Time 

0 

- 

0 

- 

19 

11 

tOH 

Date Hold Time 

15 

- 

20 

- 

■9 

11 

tOHR 

Data Hold Time referenced to (tAS 

60 

- 

75 

- 

19 


tREP 

Refresh Period 

- 

16 

- 

16 

wm 


^wcs 

Write Command Set-UP Time 

M 

- 

0 

- 

m 

12 

tcSR 

CaS Set-Up Time (CAS before AAS Cycle) 

B 

- 

10 

- 

a 


tCHR 

CaS Hold Time (CAS before ftAS Cycle) 

15 

- 

20 

- 

■9 


tRPC 

ftAS to CaS Precharge Time 

0 

- 

0 

- 

■9 


tCPT 

CAS Precharge Time (CAS before KaS 
Counter Test Cycle) 

40 

m 

SO 

- 

ns 


^WRP 

WRITE to RS5 Precharge Time 
(CAS before’ rAS Cycle) 

10 

- 

10 

- 

ns 


twRH 

WRITE to RAS Hold Time 
(CaS before RAS Cycle) 

10 

m 

10 

- 

ns 



CAPACITANCE (Vrr =: 5V ± 1 0% , f = 1MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (A0--A9) 

- 

88 

PF 

02 

Input Capacitance (W) 

- 

84 

PF 

03 

Input Capacitance (RASO, RAS2) 


42 

pF 

04 

Input Capacitance (CA50*-CAS3) 

.mmn 

36 

pF 

CDQ1 

I/O Capacitance (DQ0~’31} 

■■■1 

17 

pF 
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NOTES; 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Iccii ICC3. fcC4. ICC6 depend on cycle rate. 

4. Icci» ICC4 depend on output loading. Specified values arc obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 dAS before 
ItAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. ViHCmin.) and ViLfmax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vi^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(niax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or Irrh must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twes Is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs^ twcsfmin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRcoCmax.) limit insures that tRAC(max.) can be met. 

tRCD(max.) is specified as a reference point only: If Ircd is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD(max.) limit, insures that tRAcCmax.) can be met 

tRAOCmax.) is specified as a reference point only: If tRAD is greater than the specified tRAoCmax.) 
limit, then access time is controlled by tAA« 
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EARLY 1 
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FAST 


m 




A0~A9 


WliiTf 


DQO- 

DQ31 


AGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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m 


£55 


A0-A9 


wm 





VAUO DATA IN 


•H' or 'L* 
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HIDDEN REFRESH CYCLE fREAD! 
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OUTLINE DRAWINGS 

Unit in mm 


FRONT SIDE 2-03.18 i 0.05 



BACK SIDE 




• THM321020S *^1432102080 
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4,194,304 WORDSxS BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM94000 S/Ij is a 4,194,304 words by 9 bits dynamic RAM module which assembled 9 pcs of 
TC514100J on the printed circuit board. 

The THM94000S/L is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 4,194,304 words by 9 bits organization 

• Fast access time 



THM94000S/L-80 

THM94000S/L10 

^RAC 

RA? Access Time 

80ns 


^AA 

Column Address Access Time 

40ns 

sons 

tCAC 

^AS Access Time 

20ns 

25ns 

^RC 

Cycle Time 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

50ns ! 

60ns 


• Single power supply of 5V±10% 

• Low power 4,950mW MAX. Operating (THM94000S/L-80) 

4,212mW MAX. Operating (THM94000S/L-10) 

__ 49.5mW MAX. Standby 

• CaS before RA5 refresh, RAS only refresh, Hidden refresh, and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycle^lGms 


PIN CONNECTION (TOP VIEW) 

THM94000S THM94000L 


VCC (1) 
^ ( 2 ) 
DQO • (3) 
AO (4) 
A1 (5) 
DQl (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2 (10) 
A4 (11) 
AS (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
A10 (19) 
Dps (20) 
W (21) 
VSS (22) 
006 (23) 
N.C. (24) 
DQ7 (25) 
Q8 (26) 
RAL{27) 
CAS8 (28) 
08 (29) 

VCC (30) 



PIN NAMES 


A0-A10 

Address Inputs 

DQ0-DQ7 

Data Inputs/Outputs 

D8 

Data Inputs 

Q8 

Data Outputs 


Column Address Strobe 


Row Address Strobe 

W 

ReadA/Vrite Input 

tA55 

Column Address Strobe 

Vcc 

Power {5V) 

Vss 

Ground 

N.C 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1.0-7.0 

V 

1 

Output Voltage 

VoUT 

- 1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0-7.0 

V 

1 

Operating Temperature 

Topr 

0-70 

“C 

1 

Storage Temperature 

Tstg 

-55-125 

“C 

1 

Soldering Temperature • Time 

Tsoloer 

260*10 

“C • sec 

1 

Power Dissipation 

Po 

5.4 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

- 1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX, 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(KA?. Ca 5, Address Cycling: tRc^Mc MIN.) 

f HM XXXXXX-80 

- 

900 

mA 

3, 4 

THMx X X X X X - 10 

- 

765 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(M?=:C^=:V,h) 

- 

18 

mA 


•CC3 

W ONLY.REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
Cycling, C^ V|h; tRc = tRc MIN.) 

THM xxxxxx-80 

- 

900 

mA 

3 

THM xxxxxx-10 

- 

765 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = ViL, CaS Address Cycling: tpc^tpc MIN.) 

THM xxxxxx-80 

- 

540 

mA 

3. 4 

THMx X X X X X - 10 

- 

450 

kcs 

STANDBY CURRENT 

Power Supply Standby Current 
= = Vcc-0.2V) 

- 

9 

mA 


•CC6 

^ BEFORE R^ REFRESH CURRENT 

Average Power Supply Current, ^A? Before RAS 

Mode (RaS, CAS Cycling: tRc*tRc MIN.) 

THMx X X X X X - 80 

- 

900 

mA 

3 

THM xxxxxx-10 

- 

765 

•kl> 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V;S V|nS 6.5V, All Other Pins not under TestsOV) 

-90 

90 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OVS Vout^S 5.5V) 

-20 

20 

pA 


VOH 

OUTPUT LEVEL 

Output "H* Level Voltage(I out = 5-mA) 

2.4 

- 

V 


VoL 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut-^ ^mA) 

- 

0.4 

V 
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4000S 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc = 5V ± 10%, Ta = 0~70°C) (Notes 5, 6, 7) 


THM94000S-80 


THM94000S-10 


tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 



Access Time from 


Access Time from Column Address 


Access Time from CA5 Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


tRAS 

RAS Pulse Width 

fRASP 

KaS Pulse Width (Fast Page Mode) 

^RSH 

R"a 5 Hold Time 

kSH 

c!a§ Hold Time 

tCAS 

Pulse Width 

tRCD 

RA5 to Ca 5 Delay Time 

tRAO 

Ka 5 to Column Address Delay Time 

kRP 

Ca 5 to Ka 5 Precharge Time 

tcp 

?A? Precharge Time (Fast Page Mode) 

USR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced to 

MS 

tRAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

^CH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to 

RA? 

twCH 

Write Command Hold Time 

WCR 

Write Command Hold Time referenced to 

RAS 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 



PARAMETER 

THM94000S-80 • 

THM94000S-10 



MIN, 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 


ns 


tRWL 

Write Command to RA§ Lead Time 

20 

- 

25 

- 



^CWL 

Write Command to CaS Lead Time 

20 

- 

25 

- 

ns 


^DS 

Data Set-Up Time 

0 

- 

im^iiiQiiiiiiii 


ns 

11 


Data Hold Time 

15 

- 

20 

Si 

ns 

11 

^DHR 

Data Hold Time referenced to ftAS 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

16 


16 

ms 


%CS 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

^CSR 

CAS Set-Up Time (CIaS before RA5 Cycle) 

5 

- 

10 

- 

ns 


kHR 

CAS Hold Time (CaS before RAS Cycle) 

15 

- 

20 

- 

ns 


kpc 

RAS to tA? Precharge Time 

0 

- 

0 

- 

D 


^CPT 

CAS Precharge Time (CAS before RAS 

Counter Test Cycle) 

40 

- 


- 

B 


tWRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 



twRH 

WRITE to RAS Hold Time 
(CaS before RAS Cycle) 

10 

- 

10 

- 

ns 

■ 


CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~A10, W, tAi, RAS) 

- 

60 

PF 

Cl2 

Input Capacitance (D8, CASS) 

- 

10 

pF 

Coo 

I/O Capacitance (DQ0~DQ7) 

- 

15 

PF 

Cq 

Output Capacitance (Q8) 

- 

10 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. IcCii IcC3i ICC4. ICC6 depend on cycle rate. 

4. ICGli ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200p5 is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. ViH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vjl,. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tvves is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twCS—twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tacD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only. If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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FAST PAGE MODE READ CYCLE 



B-61 




THM94000S/L-80, 10 








THM94000S/L-80, 10 

ONLY REFRESH CYCA.V 
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HIDDEN REFRESH CYCLE (READ: 
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Q8 


VOH -- 
VoL ~ 
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CaB before refresh counter tost cycle 
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1,048,576 WORD5X36 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM36102CS is a 1,048,576 words by 36 bits dynamic RAM module which assembled 8 pcs of 
TC514400J and 4 pcs of TC511000AJ on the printed circuit board. The THM361020S can be as well 
used as 2,097,152 words by 18 bits dynamic RAM module, by means of connecting DQO and DQ18, 

DQl and DQ19, DQ2 and DQ20. ., DQ17 and DQ35. respectively. The THM361020S is optimized 

for application to the systems which are required high density and large capacity such as main 
memory of the computers and as image memory systems, and to the others which are requested 
compact size. 


FEATURES 

• 1,048,576 words by 36 bits organization • 

• Fast access time and cycle time • 



THM361020 

5-80 

THM361020 

S-10 

tRAC Access Time 

80ns 

100ns 

Iaa Column Address 

Access Time 

40ns 

50ns 

^CAC Access Time 

20ns 

25ns 

Irc Cycle Time 

150n$ 

180ns 

Ipc Fast Page Mode 
Cycle Time 

50ns 

60ns 


Single power supply of 5V±10% 

Low power 

6,160mW MAX. Operating (THMxxxxxx-80) 

5,280mW MAX. Operating (THMxxxxxx-10) 
eemW MAX, Standby 

CaS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 
1024 Refresh cycles/ Sms (Burst Refresh) 

1024 Refresh cycles/16ms (Distributed Refresh) 
Tin-Lead Contact: THM361020S-80,10 
Gold Contact: THM361020SG-80,10 


PIN CONNECTION (TOP VIEW) PIN NAMES 


A0-A9 

Address Inputs 

DO0-DO35 

Data InputyOutputs 

zm-mi 

Column Address Strobe 

raH 

Row Address Strobe 

w 

ReadAVriie Input 

Vcc 

Power {5V) 

Vss 

Ground 

PD 

Presence Detect Pin 




-80 

- 10 

PDO 

Vss 

Vss 

PD1 

Vss 

Vss 

PD2 

NC 

Vss 

PD3 

Vss 

Vss 


1 

Vss 

13 

A1 

25 

D024 

37 

OQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

D027 

62 

DQ33 

3 

DQ18 

15 

A3 

27 

DQ25 

39 

Vss 

51 

DQIO 

63 

DQ15 

4 

DQl 

16 

A4 

28 

A7 

40 


52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 


53 

DQIl 

65 

DQ16 

6 

DQ2 

18 

A6 

30 

Vcc 

42 

mi 

54 

D029 

66 

NC 

7 

DQ20 

19 

NC 

31 

A8 

43 

mr 

55 

DQ12 

67 

PDO 

_8_ 

DQ3 

20 

D04 

32 

1 A9 

44 

RASO 

56 

OQ30 

68 

PD1 

_9^ 

D021 

21 

DQ22 1 

33 

NC 

45 

NC 

57 

DQ13 

69 

PD2 

10 

Vcc 

22 

DQ5 

34 

mi 

46 

NC 

58 

0031 

70 

PD3 

11 

NC 

23 

DQ23 

35 

OQ26 

47 

w 

59 

Vcc 

71 

NC 

12 

AO 

24 

D06 

36 

DQ3 

48 

NC 

60 

D032 

72 

Vss 
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BLOCK DIAGRAM 



Vcc » — .. .>-M0-n 

V/ y co-n 

Vss o--1—-^ MO-n 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

- 1.0-7.0 

V 

1 

Output Voltage 

VouT 

- 1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0~7.0 

V 

1 

Operating Temperature 

Tqpr 

0'-70 

•c 


Storage Temperature 

Tstg 

-55-125 

•c 


Soldering Temperature • Time 

Tsoloer 

260- 10 

*C • sec 

1 

Power Dissipation 

Pd 

7.2 

W 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX, 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4,5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V.L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V + 10%. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, OTi, Address Cycling: tRc = tRcMIN.) 





■ 

THM361020S-80 

- 


THM361020S-10 

- 

960 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = CASsV,h) 

- 

24 

mA 


•CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RA$ Only Mode 
Cycling, tRc = tRcMIN.) 




mA 

3 

THM361020S-80 


1120 

THM361020S*10 

- 

960 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V|L, ^S Address Cycling: tpc = lpcMIN.) 




mA 

3, 4 

THM361020S-80 

- 

760 

THM361020S-10 


640 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = ro = Vcc-0.2V) 

- 

12 

mA 


ICC6 

CM BEFORE R^^ REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode{]^, Cycling: tRc = tRcMIN.) 




mA 

3 

THM361020S-80 

- 

1120 

THM361020S-10 

- 

960 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V5 ViN^ 6.5V, All Other Pins not under TestsOV) 

- 120 

120 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVS Vout^ 5.5V) 

- 10 

10 

pA 


'oh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 

2.4 

■ 


■ 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = ^ ^mA) 

- 

0.4 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V+10%, Ta = 0~70°C)(Notes5, 6, 7) 


SYMBOL 

PARAMETER 

THM361020S-80 

THM3610205-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

^RC 

Random Read or Write Cycle Time 

150 

- 


- 

m 



Fast Page Mode Cycle Time 

50 

- 

60 

- 

D 


tRAC 

Access Time from RA? 

- 

80 

- 

100 

ns 

8, 13 

^AC 

Access Time from CaS 

- 

20 

- 

25 

ns 

8. 13 

^AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

8, 14 

kPA 

Access Time from CaS Precharge 

- 

45 

- 

55 

m 

8 

kiz 

CAS to Output in Low-Z 


- 

0 

- 

m 

8 

toFF 

Output Buffer Turn-off Delay 


20 

0 

20 

D 

9 

ty 

Transition Time (Rise and Fall) 

3 

50 

3 


m 

7 

tRP 

Ra 5 Precharge Time 


- 


- 

ns 



RM Pulse Width 





ns 



RAS Pulse Width (Fast Page Mode) 




200,000 

ns 


IrSH 

RA^ Hold Time 


- 

m 

- 

ns 


ksH 

Ca§ Hold Time 

80 

- 


- 

WM 


kAS 

CAS Pulse Width 



Hi 


O 


^RCD 

RASi to CAS Delay Time 


60 

m 


m 


Irad 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

14 

kRP 

CaS to RA^ Precharge Time 

5 

- 

10 

- 

ns 


kp 

C^ Precharge Time (Fast Page Mode) 

10 

> 

10 

- 

ns 


USR 

Row Address Set-Up Time 

0 

- 


- 

ID 


tRAH 

Row Address Hold Time 

10 

- 

D 

- 



Use 

Column Address Set-Up Time 

0 

- 

wm 

- 



kAH 

Column Address Hold Time 

15 

- 

20 

- 

D 


Ur 

Column Address Hold Time referenced 
to ^ 

60 

- 

75 

- 

ns 


Iral 

Column Address to RaS Lead Time 

40 

- 

50 

- 

'MM 


'rcs 

Read Command Set-Up Time 

0 

- 

0 

- 

D 


tRCH 

Read Command Hold Time 

0 

- 

Hi 

- 



Urh 

Read Command Hold Time referenced 
to R^ 

0 


1 

- 


10 

twCH 

Write Command Hold Time 

15 

- 


_ 

D 


twCR 

Write Command Hold Time referenced 
to RA^ 

60 

_ 

■ 


- 

ns 
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FI FCTRIfAl CHARACTERISTICS AND RECOMMENDED AC OPFRATIHG CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM361020S-80 

THM361020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

iwp 

Write Command Pulse Width 

15 

- 


- 

19 


tRWL 

Write Command to R^ Lead Time 

20 

- 

25 

- 

m 


kWL 

Write Command to C!a 5 Lead Time 


- 

25 

- 

19 


^OS 

Date Set-Up Time 

0 

- 

0 

- 

19 


ton 

Date Hold Time 

15 

- 


- 

ns 

11 

tOHR 

Data Hold Time referenced to r7^ 


- 

75 

- 

m 


tREf 

Refresh Period 

- 

16 

- 

16 



twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

m 

12 

kSR 

CAS Sei-Up Time (CAS before RAS Cycle) 

5 

- 

10 

- 

ns 


kHR 

CAS Hold Timef^AS before RAS Cycle) 

15 

- 

20 

- 

ns 


tRPC 

RAS to Precharge Time 

0 

- 

0 

- 

ns 


kPT 

CaS Precharge Time (CaS before RA5 
Counter Test Cycle) 

40 

- 

50 

- 

ns 


twRP 

WRTTE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


tWRH 

wW£ to RAS Hold Time 
(Ca'§ before RaS Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V 110%, f = 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (A0-A9) 

- 

88 

pP 

02 

Input Capacitance (W) 

- 

84 

PP 

03 

Input Capacitance (RASO, RaS2) 

- 

42 

PP 

04 

Input Capacitance (Ca50-~CaS3) 

- 

36 

PP 

CDQl 

I/O Capacitance (DQO-7, 9-16, 18-25.27-34) 

- 

17 

pP 


I/O Capacitance (DQ8, 17.26.35) 

- 1 

22 

pP 
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! 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. IcC3t IcC 4 , Icc6 depend on cycle rate. 

4. Icci» ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CaS before 
RXS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume hr = 5ns. 

7. Viii(min.) and V]L(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vn,. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toi'F(niax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tucil o** tRiui must be satisfied for a read cycle. 

11. These parameters are referenced to CA$ leading edge. 

12. twes is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twCS— twcs(niin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(niax.) limit insures that tRAC(niax.) can be met. 

tRCoCmax.) is specified as a reference point only: If tuCD is greater than the specified tRCoCniax.) 
limit, then access time is controlled by tcAC- 

14. Operation within the tRAoCn^ax.) limit, insures that tRAC(^ax.) can be met. 

tRAD(niax.) is specified as a reference point only: IftRAD is greater than the specified tRAoC^iax.) 
limit, then access time is controlled by tAA- 
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FAST PAGE MODE READ CYCLE 


I L 
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RAg ONLY REFRESH CYCLE 



Note: WRITE = "H" or "L* 
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OUTLINE DRAWINGS 

Unit in mm 


FRONT SIDE 


2-03.18 + 0.05 
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1,048,576 WORDSx40 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM401020SG is a 1,048,576 words by 40 bits dynamic RAM module which assembled .10 pcs of 
TC514400J on the printed circuit board. 

The THM401020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 1,048,576 words by 40 bits organization 

• Fast access time and cycle time 



THM401020 

SG-80 

THM401020 

SG-10 

tRAc Access Time 

80ns 

100ns 

Iaa Column Address 

Access Time 

40ns 

50ns 

tCAC CA$ Access Time 

20n5 

25ns 

Irc Cycle Time 

150ns 

180ns 

tpc Fast Page Mode 
Cycle Time 

50ns 

60ns 


• Single power supply of 5V ± 10% 

• Low power 

5,775mW MAX. Operating (THMxxxxxx-80) 

4,950mW MAX. Operating (THMxxxxxx-10) 

55mW MAX. Standby 

• Read-Modify-write,CAS before !RAS refresh, 

RaS only refresh. Hidden refresh, and Fast Page 
Mode capability. 

• All inputs and outputs TTL compatible 

• 1024 Refresh cycles/16ms 

• Gold Contact 

• JEDEC OUTLINE :THM401020SG-80,10 

• NON JEDEC OUTLINE :THM401040SG-80,10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 



THM401020SG 


THM401040SG 


72 


AO'-AO 

Address inputs 

DQO-DQSg 

Data Inputs/Outputs 


Column Address Strobe 

RTS 

Row Address Strobe 

W 

Read/Write Input 

m 

Output Enable 

Vcc 

Power (+ 5V) 

Vss 

Ground 

PO 

Presence Detect Pin 


1 

Vss 

■0 

A1 

ma 


ma 

EEEi 

tm 

ITOTE 

El 


2 


■a 

A2 

m 

ISBBE 

m 

ISSI 

m 


m 


3 

DQ1 

B 


m 

DQ15 

39 

Vss 

El 

MWM 

63 

DQ35 1 

B 


m 

A4 

Ei 

A7 

m 

m 

m 


El 



DQ3 

17 

A5 

El 


El 

NC 

El 

IQSQ3I 

Bi 



EB 

18 

A6 

mm 


42 

NC 

El 


66 

DQ38 1 

B 

E2SH 

19 

mm 

Ei 

BIHI 

43 

NC 

m 

ESSSB 

m 

133311 

8 

OQ6 

m 

■gan 

■a 

A9 

■3 


IE 

1^91 

B3 

I33HI 

9 

EM 

El 

DQ9 

El 

BSH 

m 

BOHI 

El 

EEE9 

El 


■e 

Vcc 

m 

DQ10 

m 

ISSHi 

m 


El 

ESS3M 

El 

ESH 

■n 

NC 


DQ11 

35 

DQ17 

47 


El 

Vcc 

El 

CSSi 

m 

AO 

El 

l™CTi 

36 

ESIBi 

m 


1^ 


m 

Vss 1 


r: 



El 

Vss 





m 

NC 

Vss 

'bsi 

Vss 

Vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1.0-7.0 

V 

1 

Output Voltage 

VOUT 

-1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0-7.0 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

masm 

-55-125 

•c 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

•C-sec 

1 

Power Dissipation 

Po 

6.0 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

■ESI 

mem 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr=»5Vt 10%. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 


UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA?, Ca$, Address Cycling: tRc = tRcMIN*) 




mA 

Q 

THM401020SG-80 

- 

1050 

THM401020SG-10 

- 

900 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(M5 sCa:5sV|h) 

■ 

20 

mA 

1 

ICC3 

TO ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA5 Cycling, tSJaViH: tRc*tRcMIN.) 




mA 

i 

THM401020SG-80 

- 

1050 

THM4010205G-10 

- 

900 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vn^, CAS Address Cycling: tpc = tpcMIN.) 




mA 


THM401020SG-80 

- 

700 

THM401020SG-10 

- 

600 

•CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(TOaCA5=Vcc~0.2V) 

■ 

10 

mA 

■ 

ICC6 

TO BEFORE TO REFRESH CURRENT 

Average Power Supply Current, C^AS Before RA$ 

Mode (RA?, CAS Cycling: tpc = Xrc MIN-) 




mA 

3 

THM401020SG-80 

■- 

1050 

THM401020SG.10 

- 

900 

•l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OVSiViN^ 6.5V, All Other Pins not under TestsOV) 

-100 

100 

pA 

■ 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V:S VqutS 5.5V) 

- 10 

10 

pA 

B 

VOH 

OUTPUT LEVEL 

Output “H" Level Voltage (Iqut * -5mA) 

D 

■ 

B 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

■ 

D 

B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V ± 10%. Ta = O-yO’C) (Notes 5. 6. 7 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read'Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

tRAC 

Access Time from RAS 

tCAC 

Access Time from CAJ 

Ua 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

tCLZ 

CA§ to output in Low-Z 

tOFP 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

^RP 

RAS Precharge Time 

tRAS 

Ra 5 Pulse Width 

tpASP 

RA? Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tRHCP 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) 

^CSH 

CAS Hold Time 

tCAS 

tA5 Pulse Width 

tRCO 

RAS to CAS Delay Time 

tRAD 

RaS to Column Address Delay Time 

tCRP 

CA$ to RaS Precharge Time 

kP 

CAS Precharge Time 
(Fast Page Mode) 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

Ur 

Column Address Hold Time referenced 
to Ra5 

tRAL 

i Column Address to RAS Lead Time 

Ucs 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 


THM401020 

SG-80 

THM401020 

SG-10 

MIN. 

MAX. 

MIN. 

MAX. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYMBOL 

PARAMETER 

tRRH 

Read Command Hold Time referenced 

to Ms 

twCH 

Write Command Hold Time 

tyvCR 

Write Command Hold Time referenced 

to Ia5 

twp 

Write Command Pulse Width 

^RWL 

Write Command to RAS Lead Time 

^CWL 

Write Command to G\5 Lead Time 

tos 

Data Set-Up Time 

toH 

Data Hold Time 

tOHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

^CWD 

MS to WRITE Delay Time 

tRWD 

RaS to WRITE Delay Time 





kSR 

CAS Set-Up TimefCAS before rAS Cycle) 

kHR 

CAS Hold TimefCAS before RAS Cycle) 

kpc 

RA^ to CAS Precharge Time 

tCPT 

CAS Precharge Time (CA$ before RAS 
Counter Test Cycle) 

tROH 

RA? Hold Time referenced to 

toEA 

^ Access Time 


THM401020 

SG-80 


THM401020 

SG-10 



kEH 

OE Command Hold Time 

20 

twRP 

WRTTH to RAS Precharge Time 
(MS before MS Cycle) 

10 

^WRH 

write to MS Hold Time 
(CAS before RAS Cycle) 

10 
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CAPACITANCE (Vrr = 5V ± 10%, f = 1 MHz. Ta = 0~70°O 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

input Capacitance 

(A0-A9) 

- 

65 

PF 

CI2 

Input Capacitance 

(W, Uf) 

- 

65 

pF 

C13 

Input Capacitance 

(Ra5) 

- 

50 

pF 

CIA 

Input Capacitance 

(Ca?) 

- 

60 

pF 

CDQ 

I/O Capacitance 

(DQ0-DQ39) 

- 

17 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. IcCl. ICC3» IcC4j IcC 6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while IRAS = Vjl and CAS = Vm. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. ViH (min.) and Vit, (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vni and Vjl- 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either ti<cii or tRiui must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WHITE leading 
edge in read*write cycles. 

13. twcs. tRWD. tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs— twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD^ tRWD (min.), tcwD= tcWD (min.), tAWD^ tAWD (min.) and tcPWD^ tcpWD (min.), the cycle 

is a read-modify-write cycle and the data out will contain data read from the selected cell: If 

neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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WRITE CYCLE (EARLY WRITE 





j 
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WRITE CYCLE (UE CONTROLLED WRITE) 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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RAS 

A0-A9 

write 

OE 

DOO-* 

DQ39 


FAST PACxE MODE READ-MODIFYAVRITE CYCLE 
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Ca5 before raS refresh counter ^ 



CYCLE 




VALID 

DATA-OUT 
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2,097J52 WORDS X 32 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM322020S is a 2,097,152 words by 32 bits dynamic RAM module which assembled 16 pcs of 
TC514400J on the printed circuit board. The THM322020S can be as well used as 4,194,304 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, 

., DQ15 and DQ31, respectively. The THM322020S is optimized for application to the systems which 

are required high density and large capacity such as main memory of the computers and as image 
memory systems, and to the others which are requested compact size. 


FEATURES 

• 2,097,152 words by 32 bits organization • Single power supply of 5V±10% 

• Fast access time and cycle time • Low Power 

4,708mW MAX. Operating (THMxxxxxx-80) 
4,048mW MAX. Operating (THMxxxxxx-lO) 

88mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. Hidden 
refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible. 

• 1024 Refresh cycles/16ms 

• Tin-Lead Contact; THM322020S-80, 10 

• Gold Contact :THM322020SG-80, 10 



PIN CONNECTION (TOP VIEW) 


PIN NAMES 




A0-A9 

Address Inputs 

OQO-OQ31 

Data InpuVOutput 

C555-CX55 

Column Address Strobe 


Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (5V) 

Vss 

Ground 

PD 

Presence Detect Pin 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltag* 

V,N 

- 1.0-7.0 

V 

1 

Output Voltage 

VOUT 

- 1.0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

1 

b 

1 

b 

V 

1 

Operating Temperature 

Tow 

0-70 

•c 

1 

Storage Temperature 

Tsto 

-55-125 

•c 

1 

Soldering Temperature‘Time 

Tsoiocr 

260-10 

•C-$ec 

1 

Power Dissipation 

Po 

7.2 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS ga = 0-70*0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V110%. Ta = 0~70°0 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(fCSS, CaS, Address Cycling: tRc^t^cMIN.) 




mA 

■ 

THM322020S-80 

- 

8S6 

THM322020S-10 

- 

736 

1CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RaS s Ca 5 a V|h) 

■ 

32 

mA 

■ 


ONLY REFRESH CURRENT 

Average Power Supply Current, BAS Only Mode 
(RAS Cycling, CAS * Vm: 




mA 

D 

THM322020S-80 

- 

856 

THM322020S-10 


736 

kC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaSsVil, css Address Cycling: tpc^tpcMIN.) 


mm 


mA 

■ 

THM322020S-80 


576 

THM322020S-10 

B 

496 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(W « CAS * Vcc - 0.2V) 

■ 

16 

mA 


!cC6 

ro BEFORE KA5 REFRESH CURRENT 

Average Power Supply Current, CAS Before MAS 

Mode (Mas, CaS Cycling; tRc»tRcMIN.) 




mA 


THM322020S-80 

- 

856 

THM322020S-10 

- 

736 

‘i(U 

INPUT LEAKAGE CURRENT 

input Leakage Current, any Input 
(0 VSV,nS 6.5V, All Other Pins not under TestsOV) 

-160 

160 

pA 


•O (L) 

OUTPUT LEAKAGE CURRENT 
(OouT is disabled, OVS VoujSiS.SV) 

-20 

20 

pA 


•oh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut » -5mA) 

m 

■ 

D 


Voi 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut * 4.2mA) 

m 

D 

D 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V±10%, Ta = O-TO'C)(Notes 5^6^ 7 


SYMBOL 

PARAMETER 

^RC 

Random Read or Write Cycle Time 

Vc 

rast Page Mode Cycle Time 

tRAC 

Access Time from RaS 

kAC 

Access Time from Ca5 

tAA 

Access Time from Column Address 

kPA 

Access Time from CAS Precharge 

kLZ 

CaS to Output in Low-Z 

k)pF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

ftAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

ftAS Hold Time ! 

kSH 

CaS Hold Time 

kAS 

Ca? Pulse Width 

'rco 

ftAS to CAS Delay Time 

tRAO 

RaS to Column Address Delay Time 

kRP 

CaS to ftAS Precharge Time 

kp 

CaS Precharge Time (Fast Page Mode) 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

^ASC 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 
to AaS 

tRAi 

Column Address to Lead Time 

tRG 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 

to IaS 

twCH 

Write Command Hold Time 

'WCR 

Write Command Hold Time referenced 

to Ra^ 



























































































































THM322020S-80,10 
THM322020SG-80, 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM322020S-80 

THM322020S-10 

UNIT 

NOTE5 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

m 


^RWL 

Write Command to ftAS Lead Time 

20 

- 

25 

- 

m 


kWL 

Write Command to (!Ali Lead Time 

20 

- 

25 

- 

m 


tos 

Dale Set-Up Time 

0 

- 

0 

- 

■1 

11 

tOH 

Date Hold Time 

15 

- 

20 

- 

m 

11 

^OHR 

Data Hold Time referenced to flAi 

60 

- 

75 

- 

IS 


tRCF 

Refresh Period 

- 

16 

- 

16 

um 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

m 

12 

kSR 

CaS Set-Up Time (CA5 before ftAi Cycle) 

5 

- 

10 

- 

m 


tCHR 

CaS Hold Time (CAS before AA5 Cycle) 

15 

- 

20 

- 

D 


Irrc 

fU\5 to CA? Precharge Time 

0 

- 

0 

- 

m 


tCPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

40 

- 

50 

- 

ns 


IWRP 

WRITE to RaS before Precharge Time 
(Cas before RaS Cycle) 

10 

■ 

10 

m 

ns 


tWRH 

WRITE to RaS Hold Time 
(Ca? before Ra5 Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%, f = 1MHz. Ta = 0~70*’C) 


■ 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (AO'^AS) 

- 

161 

PF 

C12 

Input Capacitance (W) 

- 

168 

PF 

CI3 

Input Capacitance (RasO- RaS3) 

- 

42 

PF 

C14 

Input Capacitance (CA5b-CA53) 

- 

42 

PF 

CDQ1 

I/O Capacitance (DOOM'S 1) 

- 

29 

pF 
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NOTES; 

1. Stresses greater than those listed under "Absolute Maximum Ratings'* may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. ICC 4 . ICC6 depend on cycle rate. 

4. Iccii ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200p5 is required after power-up followed by 8 llAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
KAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT==5ns. 

7. VinCmin.) and Vitfniax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and V|t. 

8. Measured with a load equivalent to 2 ITL loads and lOOpF. 

9. toFF(niax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tgcH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs Is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs^ twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAcCmax.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD Is greater than the specified tRcoCmax.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD(max.) limit, insures that tRAcCmax.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRAoCmax.) 
limit, then access time is controlled by tAA< 
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EARLY WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE: 
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HS5 ONLY REFRESH CYCLE 



Now: WRTTE.'H" or 'f 


B- 
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BEFORE Ra5 refresh CYCLE 



DQO- V,„-. 
DQ31 V,t _ 


> 


OPEN 


Note: A0~A9*"H' or “L* 


-H- or -f 
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HIDDEN REFRESH CYCLE (READ' 
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CIS BEFORE Ra5 REFRESH COUNTER TEST CYCLE 





•H" or ’L" 
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OUTLINE DRAWINGS 
FRONT SIDE 


Unit in mm 



BACK SIDE 



• THM322020S •THM322020SG 
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2,097,152 WORDS X 36 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM362020S is a 2,097,152 words by 36 bits dynamic RAM module which assembled 16 pcs of 
TC514400J and 8 pcs of TC511000AJ on the printed circuit board. The TnM362020S can be as well 
used as 4,194,304 words by 18 bits dynamic RAM module, by means of connecting DQO and DQ18, 

DQlandDQ19, DQ2 and DQ20,., DQ17 and DQ35, respectively. The TnM362020S is optimized for 

application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 

♦ 2,097,152 words by 36 bits organization 

• Fast access time and cycle time 




THM362020 

THM362020 



S-80 

S-10 

^RAC 

RAI Access Time 

BOns 

lOOns 

tAA 

Column Address 
Access Time 

40n$ 

50ns 

kAC 

(!a^ Access Time 

20ns 

25n$ 

I Irc Cycle Time 

150ns 

180ns 


Fast Page Mode 

Cycle Time 

sons 

60ns 


• Single power supply of 5V±10% 

• Low Power 

6,^92mW MAX. Operating (THMxxxxxx-80) 
5,412mW MAX. Operating (THMxxxxxx-10) 
132mW MAX. Standby 

• CAS before RAS refresh, RA^ only refresh, Hidden 
refresh, and Fast Page Mode capability. 

• All inputs and outputs ITL compatible. 

• 1024 Refresh cycles/ 8ms (Burst Refresh) 

• 1024 Refresh cycles/16ms (Distributed Refresh) 

• Tin-Lead Contact: THM362020S-80, 10 

• Gold Contact :THM36202USG-80, 10 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- 1.0-7.0 

V 

1 

Output Voltage 

Vqut 

- l.O'-T O 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0-7 0 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature-Time 

^SOLOER 

260-10 

•c • sec 

1 

Power Dissipation 

Pd 

7 2 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

'/CC 

Supply Voltage 

4.5 

5,0 

5 5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V.L 

Input Low Voltage 

- 1 0 

- 

0 8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70°a 


SYMBOL 

PARAMETER 

MIN. 

MAX, 

UNITS 

NOTES 

kct 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RaI. CAi, Address Cycling: tpcstncMIN.) 




mA 

3, 4 

THM362020S-80 

- 

1144 

THM362020S-10 

- 

984 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAIsCa^sVih) 

- 

48 

mA 


•CC3 

ra5 only refresh current 

Average Power Supply Current. Ka 5 Only Mode 
(RAS Cycling, CaS = Vih; Irc^^RcI^'N ) 




mA 

3 

THM3620205-80 

- 

1144 

THM362020S-10 

- 

984 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA^sVil, Address Cycling; tpc = Ipc ■'^‘N.) 




mA 

■ 

THM362020S-80 

- 

784 

THM362020S-10 

- 

664 

‘CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra5 * Ta? 3 Vcc - 0.2V) 

- 

24 

mA 


‘CC6 

Ca5 before refresh CURRENT 

Average Power Supply Current, CaS Before RAS 
ModefR^, CaS Cycling: tpc = fRC ) 




m 

■ 

THM3620205-80 

- 

1144 

THM362020S-f0 

' - 

984 

•l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV ^ V|(»j ^ 6.5V, All Other Pins not under TestsOV) 

-240 

240 

H 

■ 

'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV S Vqut S 5,5V) 

-20 



B 

■oh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut * -5mA) 

2.4 

■ 

■ 

B 

VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4 2mA) 

- 


B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V± 10%, Ta = 0~70°C) (Notes 5, 6, 7 ) 


SYMBOL 

PARAMETER 

THM362020S-80 

THM362020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tpc 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

so 

- 

60 

- 

ns 


IraC 

Access Time from RA§ 

- 

80 

- 

100 

m 

IB™ 

kAC 

Access Time from CAi 

- 

20 

- 


Dl 


Iaa 

Access Time from Column Address 

- 

40 

- 


n 


tCPA 

Access Time from CAS Precharge 

- 

45 

- 

55 

ns 

8 

kLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

8 

toFP 

Output Buffer Turn-off Delay 

0 

20 


20 

ns 

9 

tr 

Transition Time (Rise and Fall) 

3 

so 

3 

50 

ns 

7 

kp 

^aS Precharge Time 

60 

- 

70 

- 

ns 


kAS 

Pulse Width 

80 

10,000 

100 

10,000 

ns 


tRASP 

^5 Pulse Width (Fast Page Mode) 

80 

200,000 

100 

200,000 

ns 


ksH 

RAS Hold Time 

20 

- 

25 

- 

ns 


ksM 

CaS Hold Time 

80 

- 

100 

- 

ns 


kAs 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


kco 

RaS to CaS Delay Time 

20 

60 

25 

75 

ns 

■9 

kAO 

AAS to Column Address Delay Time 

IS 

40 

20 

50 

m 


tCRP 

CaS to ^aS Precharge Time 

5 

- 


- 

m 


kp 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

ns 


ksR 

Row Address Sel-Up Time 

0 

- 

0 

- 

ns 


kAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


ksc 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


kAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


tAR 

Column Address Hold Time referenced 

to RaS 

60 

- 

75 

- 

ns 

■ 

tRAL 



IBBI 

so 

- 

ID 

mm 

kcs 

Read Command Set-Up Time 

0 

- 

0 

- 

ID 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ID 

mm 

tRRH 

Read Command Hold Time referenced 

to RaS 

0 

- 

0 

- 

ns 

10 


Write Command Hold Time 

15 

- 

20 

- 

D 

IfH 

twCR 

Write Command Hold Time referenced 

to ^ 

60 

- 

75 

- 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM362020S-80 

THM362020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

m 

fm 

Irwi 

Write Command to Lead Time 

20 

- 

25 

- 

D 

B 

kWL 

Write Command to CAT Lead Time 

20 

- 


- 

ns 


ks 

Date Set-Up Time 

0 

- 


- 

ns 

11 

kw 

Date Hold Time 

15 

- 

MM 

- 

ns 

11 

tOHR 

Data Hold Time referenced to Aa5 

60 

- 


- 

m 


kEF 

Refresh Period 

- 


- 

16 

iQm 


^WCS 

Write Command 5el-UP Time 

0 

- 

0 

- 

ns 

12 

kSR 

C55 Set-Up TimefCAS before ftAS Cycle) 

5 

- 

10 

- 

m 


kHR 

CaS Hold TimefCAS before ftAS Cycle) 

15 

- 

20 

- 

ns 


Irpc 

RA§ to Ca 3 Precharge Time 

0 

- 

0 

- 

ns 


kPT 

Ca 5 Precharge TimefCSS before 

Counter Test Cycle) 

40 

- 

50 

- 

ns 


twRP 

wRTTf to RA? before Precharge Time 
(CIaS before Cycle) 

10 

- 

10 

- 

ns 


IWRH 

Wffm to RA^ Hold Time 
(CaS before RaS Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 



CM 

Input Capacitance (A0-A9) 

- 

161 

PP 

C12 

Input Capacitance (W) 

- 

168 

PP 

CI3 

Input Capacitance (R55C-)DK3) 

- 

42 

PP 

04 

Input Capacitance 

- 

42 

PP 

CDQI 

I/O Capacitance (OQO-7.9-16. 18-25.27-34) 

- 

29 

pP 

CDQ2 

I/O Capacitance (DOS. 17. 26. 35) 

- 

39 

pP 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3. 1CC4. ICCG depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RA$ cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CaS before 
RAS initialization cycles instead of 8 RA§ cycles are required. 

6. AC measurements assume tr = 5ns. 

7. Viii(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(niax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either ti^cil o** tlllUl must be satisfied for a read cycle. 

11. These parameters are referenced to CaS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs= twcslmin.), the cycle is an early write cycle and data out pin will 
remain open circuit (highlmpedance). 

13. Operation within the tncD(max.) limit insures that tuAC(max.) can be met. 

tRCD(max.) is specified as a reference point only: If tucD is greater than the specified tuculniax.) 
limit, then access time is controlled by tcAC- 

14. Operation within the tKAuCmax.) limit, insures that tiiAC(max.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAO is greater than the specified tRAD(»iiax.) 
limit, then access time is controlled by tAA. 
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EARLY WRITE CYCLE 
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Ra5 only refresh cycle 



Note: wSITEs'H' or "L* 
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OUTLINE DRAWINGS 
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NOTES 



2,097,152 WORDS X40 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM402020SG is a 2,097,152 words by 40 bits dynamic RAM module which assembled 20 pcs of 
TC514400J on the printed circuit board. 

The THM402020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 2,097,152 words by 40 bits organization 

• Fast access time and cycle time 



tcAC Access Time 


Irc Cycle Time 


tpc Fast Page Mode 
Cycle Time 


Single power supply of 5V±10% 

Low power 

5,885mW MAX. Operating (THMxxxxxx-80) 
5,060mW MAX. Operating (THMxxxxxx-10) 
llOmW MAX. Standby 
Read-Modify-write,CAS before RAS refresh, 

RaS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

All inputs and outputs TTL compatible 
1024 Refresh cycles/1 Sms 
Gold Contact 

JEDEC OUTLILNE : THM402020SG - 80,10 
NON JEDEC OUTLINE :THM402040SG-80,10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 




O THM402020SG 


O THM402040SG 


A0~“A9 Address Inputs _ 

DQ0^DQ39 Data Inputs/Outputs 
(!a$0,(!aSi Column Address Strobe 
ftASd.RASi Row Address Strobe 

W _ Read/Write Input _ 

UE Output Enable _ 

Vcc Power (5V) __ 

Vss _ Ground _ 

PD Presence Detect Pin 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

- 1.0-7.0 

V 

1 

Output Voltage 

VOUT 

- i.o-y.o 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0-7.0 

V 

1 

Operating Temperature 

Topr 

0~70 

•c 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature-Time 

Tsoloer 

260-10 

•C-sec 

1 

Power Dissipation 

Pd 

6.0 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

ViL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA^, Ca 5, Address Cycling: tpc^tRcMIN.) 




mA 

B 

THM402020SG-80 

- 

1070 

THM402020SG-10 

- 

920 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RaIsCaJsVih) 

■ 

40 

mA 

1 

ICC3 

^ ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, C?3^ = V,h: tRc = tRcMIN.) 




mA 

B 

THM402020SG-80 

- 

1070 

THM402020SG-10 

- 

920 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RASs V|L, CAi Address Cycling: tpc = tpcMIN.) 




mA 

B 

THM402020SG-80 

- 

720 

THM402020SG-10 

- 

620 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(^ = CAS sVee-0.2V) 

■ 

20 

mA 


ICC6 

CM BEFORE R^ REFRESH CURRENT 

Average Power Supply Current, CS5 Before RA5 

Mode (RAS, CA§ Cycling: tRc * tRc MIN.) 




mA 


THM402020SG-80 


1070 

THM402020SG-10 

Si 

920 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV^ V|nS 6.5V, All Other Pins not under Test = 0V) 

-200 

200 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV^Vqut-5.5V) 

-20 

20 

pA 


Vqh 

OUTPUT LEVEL 

Output "H" Level Voltage (louT= ~5mA) 

D 

■ 

D 


VoL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

■ 

D 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5Vt10%. Ta = 0~70°C)(Notes5, 6, 7) 


SYMBOL 

PARAMETER 

THM402020 

SG-80 

THM402020 

SG-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

— 

^RC 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

205 

- 

245 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

60 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

105 

- 

125 

- 

ns 


tRAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

9,14 

15 

tCAC 

Access Time from CA$ 

- 

20 

- 

25 

ns 

9,14 

Ua 

Access Time from Column Address 

- 

40 

- 

50 

ns 

9,15 

kPA 

Access Time from CM Precharge 

- 

45 

- 

55 

ns 

9 

tCLZ 

CAS to output in Low-Z 

0 

- 

0 


ns 

9 

^OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

10 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

tRP 

RM Precharge Time 

60 

- 

70 

- 

ns 


tRAS 

RM Pulse Width 

80 

10,000 

100 

10,000 

ns 


tRASP 

Pulse Width (Fast Page Mode) 

80 

100,000 

100 

100,000 

ns 


tRSH 

RU6 Hold Time 

20 

- 

25 

- 

ns 


^RHCP 

RAS Hold Time From Precharge 

(Fast Page Mode) 

45 

- 

55 


ns 


kSH 

CAS Hold Time 

80 

- 

100 

- 

ns 


tCAS 

CA§ Pulse Width 

20 

10,000 

25 

10,000 

ns 


tRCD 

RAS to CaS Delay Time 

' ' 1 

20 

60 

25 

75 

ns 

14 

tRAO 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

15 

kRP 

CAS to RAS Precharge Time 

5 

- 

10 

- 

ns 


kP 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


^RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


kAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


Ur 

Column Address Hold Time referenced 
to RAS 

60 

- 

75 

- 

ns 


tRAL 

Column Address to RA5 Lead Time 

40 


50 

- 

ns 


^RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


^RCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 



SYMBOL 

I 

PARAMETER 

tRRH 

Read Command Hold Time referenced 

to 

twCH 

Write Command Hold Time 

^WCR 

Write Command Hold Time referenced 

to W 

twp 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

kWL 

Write Command to CaS Lead Time 



Data Set-Up Time 


Data Hold Time 

Data Hold Time referenced to RAS 
Refresh Period 


twcs 

Write Command Set-UP Time 

0 

- 


^ to WRITE Delay Time _ 

Column Address to WRitE Delay Time 
CAS Precharge to WRTTE Delay Time 
CM Set-Up Time(CAS before RAS Cycle) 
CAS Hold Time(CM before RAS Cycle) 



tRPC 

RAS to CAS Precharge Time 

0 

-j 

0 

- 

ns 


tCPT 

CAS Precharge Time (CAS before RA$ 
Counter Test Cycle) 

40 

- 

50 

- 

ns 


tROH 

RAS Hold Time referenced to i^E 

10 

- 

20 

- 

ns 


tOEA 

^ Access Time 

- 

20 

- 

25 

ns 


tOEO 

OE to Data Delay 

20 

- 

25 

- 

ns 


^OEZ 

Output buffer turn off Delay Time 
from Of 

0 

1 

20 

0 

20 

ns 

10 

tOEH 

Of Command Hold Time 

20 


25 

- 

ns 



tWRP 

WRITE to RaS Precharge Time 
(CAS before RAS Cycle) 

10 

-1 

10 

- 

ns 

tWRH 

WRITE to RAS Hold Time 
(CAS before rM Cycle) 

10 

- 

10 

- 

ns 


B-148 











































THM402020SG-80, 10 
























THM402020SG-80, 10 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vgs* 

3. Icci. ICC3. ICC4, ICC6 depend on cycle rate. 

4. Icci> ICC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS = Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a ir.hiimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume bp = 5ns. 

8. Vin (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

9. Measured with a load equivalent to 2 "FPL loads and lOOpF. 

10. toFP (max.) and toEZ(max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tucil or tuiui must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. twcs» titwD. tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twCS—twCS (i^in.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD=tRWD (min.), tcwD= tcwD (min.), tAWD^ tAWD (min.) and tcpWD^ tcpwD (min.), the cycle 

is a read-modify-write cycle and the data out will contain data read from the selected cell: If 

neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tpcD (max.) limit insures that tuAC (max.) can he met. 

tiiCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tpAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 


tRC 
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WRITE CYCLE (EARLY WRITE) 


tRC 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 


I ^RP I 


tRASP 
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rXs 

rxs 

A0-A9 

write 

OE 

DQO- 

DQ39 


FAST PAGE MODE READ-MO DIF Y-WRITE CYCLE 



"H" or "L" 
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RA^ ONLY REFRESH CYCLE 


RAS 

AO'-AQ 



NOTE : WRITE. OE=:"H" or "L" 


'CAg BEFORE RAg REFRESH CYCLE 














HIDDEN REFRESH CYCLE (READ: 



DQO- VoH- 

DQ39 VoL- 


HIDDEN REFRESH CYCLE (WRITE: 
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NOTES 
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Sunnyvale. CA 94086 ^ 
TEL: (400) 737-9844 
FAX: (408) 737-9905 

SOUTHWEST REGION 
- 15621 RedhillAve. 

Suite 205 
Tustin, CA 92680 
TEL: (714) 259-0368 
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